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ELECTRICITY 

IN  THE  SERVICE  OF  MAN  . 


PART  II 

The  Technology  of  Electricity 

INTRODUCTION 

IN  the  pagei  of  Volume  I.  we  have  cndeavimrccl  to  place  l)i  f()rc  the  reader 
the  main  expermental  facts  of  electrical  science  and  the  principles 
which  appear  lo  undedie  those  facts  as  interpreted  by  tlie  fortiiin'-t  sciciitit'ic 
men  of  the  nineteenth  century.  Incidentally,  and  as  having  an  ahidiii!,' 
interest  to  all  who  a{)proacii  this  fascinating  subject,  we  have  briefly 
skctclu  d  the  history  of  the  development  of  the  various  converging  lines  of 
scicntitu  advance  by  which  the  present  position  of  the  science  has  been 
reached,  and  have  described  the  earlier  attempts  to  adapt  the  growing 
science  to  the  service  of  man  in  various  directions. 

The  pages  which  follow  will  be  devoted  to  what,  in  a  general  sense,  may 
be  called  the  technology  of  electricity  -that  is,  to  an  account  of  the  details 
of  the  methods  by  which  the  principles  already  described  have  been,  and 
are  being,  applied  in  multifarious  directions  to  the  needs  and  necessities 
of  mankind.  So  intimate,  however,  are  the  action  and  reaction  of  theory 
aiid  piactice  upon  one  another  in  this  coniiilicatt d  subject,  that  it  is  abso- 
lutely inipos-ible  to  separate  and  place  in  water-tight  comj^rtnients  the 
purely  scie.ititic  and  the  strictly  technical  sections.  Most  of  the  chief 
scientific  principles  and  laws  have  been  referred  to  in  the  jiages  of  V«)Iume  I., 
but  from  time  to  time  we  shall  have  to  rifer  to  others  more  recently  dis- 
covered, or  so  intimately  bound  up  with  special  apjilications  that  it  is  not 
{xissible  to  deal  with  them  adequately  without  full  reference  to  these 
applications.  On  the  other  hand,  we  shall  endeavour  to  avoid  repetitions 
of  the  theoretical  scientific  conclusions  already  fully  set  forth,  and  with 
whicli  we  shall  assume,  from  this  point  onward,  that  the  reader  is  familiar. 
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On  a  review  of  the  field  of  work  to  be  dealt  with,  it  appears  to  fall 
naturally  into  two  great  divisions.  In  one  of  these  large  quantities  of 
energy  are  handled,  and  considerations  of  economy  of  tr;>nsfonnati(Hi  and 
utilisation  dominate  every  part  of  the  subject.  It  includes  the  generation 
and  transmission  of  electrical  power  in  bulk,  and  ail  applications  of  such 
power  to  electric  lighting,  electric  traction,  electric  motors,  and  electro- 
chemistry. In  the  other  division,  the  amount  of  energy  involved  is 
inconsiderable,  and  the  cost  of  obtaining  it  is  either  actually  or  relatively 
of  little  consequence :  other  considerations,  such  as  convenience,  reliability, 
costs  of  installation  and  v.  Keep,  etc.,  are  the  factors  which  determine  the 
course  of  the  development.  Under  this  division  fall  the  very  important 
subjects  of  Telegraphy  and  Telephony,  as  well  as  several  minor,  but  still 
important,  applications  to  signalling,  intercommunication,  etc. 


DIVISION  I 


The  Generation,  Transmission,  and  Utiliaatiim  of 
Electrical  Power 

CHAPTER  I 

CONTINUOUS  CURRENT  GENERATORS 

The  main  object  of  the  desii^n  in  all  electric  peneraiois  depondinf; 
on  faraday's  laws  of  magneto-electric  induction  is  to  arrange  electric 
conductors  and  magnetic  fields  in  such  relative  positions  that  the  ncct  s^-ary 
electro-motive  forces  and  the  consequent  currents  may  be  produced  by 
their  relative  motion  under  the  most  economical  conditions,  both  as  regards 
the  capital  expenditure  involved  in  the  first  cost  of  the  machines  and  the 
subsequent  efficiency  of  v/orking  and  cost  of  upkeep  of  the  i^^iant.  In  the 
previous  volume  (pages  470  to  565)  we  have  described  the  general  methods 
of  apj)lication  of  the  principles  involved  to  tlie  construction  of  actual 
machines  in  the  earlier  and  later  stages  of  their  development.  Some  sjjace 
has  also  been  devoted  to  the  consideration  in  an  elementary  maimer  of 
the  theory  underlying  these  methods.  We  have  now  to  refer  to  subse- 
quent devekipnients  as  exemplified  in  modem  machines,  and  to  deal  with 
various  technical  details  which  have  been  left  over  from  the  previous 
section,  as  they  would  there  have  tended  to  obscure  the  more  fundamental 
scientific  principles  that  were  being  considered.  We  shall,  as  before,  deal 
with  continuous  current  macb.ines  first,  and  in  their  treatment  follow  the 
same  order  as  in  Chapter  XIII.,  Volume  I.,  as  far  as  may  be  convenient. 

The  most  conspicuous  trend  of  the  develofmients  of  recent  years  has 
been  f!'.:'  1  ndency  to  concentrate  the  generation  of  electrical  power  in 
large  stations  placed  either  n(;ir  the  source  (waterfall,  coalfield,  etc.)  from 
which  the  energy  is  to  be  obtained,  or  in  some  position,  relative  to  the  area 
of  consumption,  in  which  the  cost  of  generation  and  transmission  can  be 
reduced  to  a  minimum.  Both  in  these  islands  and  abroad  great  numbers 
of  so-call(d  central  stations  liav'  been  erected  and  etiuipped,  and  tiie 
necessity  for  the  would-be  consumer  to  generate  tlie  current  he  requires 
has  been  correspondingly  diminished.  As  regards  the  machines,  therefore, 
the  period  named  has  witnessed  the  production  of  units  which  have  become 
larger  and  larger  y-:     b_  year,  and  in  the  design  of  which  aeaii  problems 
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have  continually  been  presented  for  solution.    Thouph  there  is  still  a  fielc 

for  the  n<c  of  small  ,L;tiunitiiis,  tlitir  ])ro(luoti(in  lias  (vrtaiiily  diniinislui 
relatively  and,  perhaps,  even  absolutely,  but  it  isditticult  to  obtain  statistics 
which,  to  be  accurate,  would  have  to  he  world-wide. 

I.— CLASSIFICATION 

For  '  mvenience  of  treatment  it  would  stem  desirable  at  the  outse 
to  classily,  it  possible,  the  various  types  ol  machines  which  merit  attention 
A  very  cursory  examination,  however,  shows  that  a  simple  ami  exhaustiv 
cla--ifn  ation  is  not  possible,  and  that  the  classification  which  is  most  con 
veuient  Irom  one  point  ol  view  is  not  the  best  troi  another,  the  variou 
systems  ava-hiMe  cutting  across  one  another  in  all  directions. 

Speed.— For  instance,  from  the  engine  builder's  point  of  view  th 
question  of  speed,  combined  perhaps  with  steadiness  of  running  as  affecte< 
by  a  lari,'r  moment  of  inertia  in  the  revolving  parts,  is  of  paramount  import 
ance.  In  the  early  days  of  the  construction  of  dynamo-  tlie  mos 
ordinary  speeds  varied  from  about  750  to  1.200  revolutions  per  minute 
As  nil  -team  engine  was  then  commonly  produced  which  ran  anywhere  nea 
these  spee<ls,  rope  or  Ix-lt  driving  had  to  be  employed.  The  aiivantage 
of  direct  C()ui)lMig  of  dynamo  and  engine  were,  however,  obvious,  and  U 
the  dynamo  build  --s  on  the  one  hand  to  produce  dynamos  speeded  fu 
lower  and  lower  speeils,  whilst  the  engine  builders  designed  engines  runnin 
at  higher  sjieeds  than  wre  once  thought  possible  or  economical.  Thus  a 
a  comparatively  early  date  combined  sets  consisting  of  a  high-speed  engin 
directly  coupled  to  a  slow-speed  dynamo  became  fairly  common. 

The  ili  velopment  has,  liowever,  proceeded  far  beyond  the  mcetin 
point  of  the  two  speeds,  for  to-day  slow-speed  dynamos  are  built  whic 
can  be  directly  coupled  to  engines  running  at  less  than  100  revolution 
per  minute,  whilst  in  the  modem  steam  turbines  we  have  engines  whos 
speed  is  greater  than  that  of  any  ordinary  dynamo,  and  for  coupling  t 
which  -pccial  high-speed  dynamos  have  to  be  designed.  Indeed,  in  ?om 
cases  step-down  gearing  has  to  be  introduced  between  the  engine  and  th 
dynamo,  the  speed  of  the  former — ^in  some  cases  7,000  revolutions  per  minut 
—being  far  too  high  for  convenient  handling  in  the  design  of  the  d\'nMn( 
Kven  with  reciprocating  engines  and  modern  dynamos  the  overlap  of  speed 
is  considerable,  so  that  the  user  can  now  choose  good  combinations  c 
engines  and  dvnanios  either  direct-coupled  or  not,  according  to  the  requin 
ments  (,f  the  j);  rticular  case  in  hand. 

Altliough,  therefore,  the  question  of  s]K-ed  has  not  now  the  p.uaniour 
importance  that  it  once  threatened  to  have,  or  rather  because  it  is  in 
poriant  for  somewhat  different  reasons,  it  is  convenient  to  divide  dynamc 
into  slow,  medium,  and  high-speed  machine's.  Machines  of  jiracticall 
any  speed  down  to  or  less  than  100  revolutions  per  minute  can  be  buil 
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Iiiit  as  a  nile  the  slower  the  speed  the  more  costly  is  the  machine  for  a 

given  (illtpilt.     On   till'  otlicr  iiaiul,   the  t■X^•^'>^iVl■ly  "-[x  ed-,  u|  tuil>"- 

dynanios  have  s(J  juofoundly  modifu'd  the  (U  tail>  ot  tlu  n  deMf^n  a^  lu  make 
them  practically  a  class  by  themsi-lvt  s. 

Magrnetic  Circuit. — Another  method  of  classitication  may  In-  found  in 
the  general  design  f  the  magnetic  circuit.  Several  tyjiieal  de>i};ns  have 
alu  ady  Ix'en  tlescrilx'd  (fice  pages  497  to  500,  Vol.  I.).  i>ut  iiuoiy  "I  the-e  lia\  f 
now  becomes  obsolete,  and  serve  only  as  a  basis  of  classification  lor  histoi  ical 
machines.  In  the  last  edition  the  number  of  piles  was  made  a  basis  «>£ 
classification,  and  it  was  found  convenient  to  divide  the  liipolar  niac  lmies 
into  several  . ub-classes.  This  is  no  longer  necessary,  lor  the  nunilH  i  of 
bipolar  generators  now  built  is  not  very  large.  Generally  i';iiig.  it 
ni  ly  he  said  that  for  slow  sjK'eds  nuiltipular  field  magnet  -  are  used  in  niodern 
inailiines,  whilst  for  medium  and  high  sjK'eds  the  simpler  two-|)ole  tir  at 
must  lii\n-ix)le  machines  arc  selected.  .\s  In'lween  the  varinn^  1  >  'if 
bipolar  machines,  it  may  Ix-  remarked  that  the  siMgle  magnetic  ciuiiit  is 
the  better  design  magnetically,  but  that  the  double  magnetic  circuit  usually 
leads  to  a  machine  mechanic  ally  better  and  steadier. 

ArnUtnrc  Cort'.s.-  Though  not  >o  stiiking  a--  llie  gem  r.il  anangenieiit 
of  the  iron  of  the  field  magnets  and  the  armature,  the  >liajK  given  to  the 
thin  armature  stampings  to  allow  for  the  winding  of  the  copper  con- 
tluctiirs  is  important,  and  may  be  taken  as  a  subsidiary  bivsis  of  classification 
connected  with  the  magnetic  circuit.  These  stampiniiis  as  already  explaiin  .1, 
are  built  up  to  form  the  iron  core  of  the  armature,  vhich  when  luiished  will 
fall  into  one  of  the  following  classes : — 

(,/)  Smootli-c(ire  armature. 

(6)  Slotted  armature. 

(c)  Tunnelled  armature  or  armature  with  buried  conduc  tors. 
The  slotted  armature,  especially  when  sui)i)lied  with  "semi-^unk"  con- 
ductors, hes  intermediate  between  the  other  two,  an<l  according  to  the 
shape  of  the  slots  approaclies  the  smooth  core  or  the  "  tunnelled  "  core  in 
its  properties.  This  is  a  "cross"  classification,  as  any  one  of  the  cores 
described  may  be  used  with  any  of  the  field  magnets  referred  tf)  previously. 

Excitation. — From  the  point  of  view  of  the  purpose  for  which  the 
machine  is  to  be  used  and  of  its  regulation,  automatic  or  otherwise,  whilst 
running,  the  method  of  excitation  of  the  field  magnets  may  be  used  as 
another  basis  of  classihcation. 

It  has  already  been  pointed  out  (stvpage  506,  Vol.  1.)  that  the  tield  mai,'uets 
may  be  excited  by  the  whole  current  of  the  machine  (stviVs  excitation. 
Fig.  483),  or  that  they  may  be  excited  by  the  current  in  a  shunt  circuit 
placed  directly  across  the  brushes  or  terminals  of  the  machine  {shunt 
excitation,  Fig.  4^*4).  There  is,  however,  a  third  method  of  excitation 
Imov^'Q  as  compound  winding,  wliich  is  a  combination  of  the  otlier  two. 
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In  this  method  there  are  two  exciting  circuits ;  one,  consisting  of  thick 

wire  coils  and  called  the  series  circuit,  carries  either  the  \vh(>ie  external 
current,  as  in  Fig.  i,  wliilst  the  fine  wire  or  shunt  circuit  is  (hrectly 
joined  to  the  two  brushes.  Or,  in  anotlier  method  of  connection,  depicted 
in  Fig.  2,  the  series  circuit  carries  the  whole  armature  current  and  the 
shunt  circuit  is  joined  to  the  terminals  of  the  machine.  The  first  of 
these  methods  of  connection  is  l<nown  as  "  Series  and  Short  Shunt,"  and 
the  second  as  "  Series  ai\d  Long  Shunt." 

The  object  of  uai^  two  magnetising  coils  on  the  field  magnet  is  to 
regulate  automatically  tiie  voltage  <»  P.  o.  at  the  terminals  so  that  this 


Fig.  I.— Series  ind  Short-Sham  Pig.  i.— Series  and  Long>Shiinl 

Compoaod  Wiodiag.  CompooBd  Wlodii^ 

voltage  shall  remain  constant  at  all  loads.  The  details  will  be  referred  to 
later  under  the  head  of  "  regulation  "  {see  page  177).  For  some  purposes 
machines  are  over-compounded — ^that  is,  the  exciting  coils  are  so  arranged 
that  the  voltage  at  the  terminals  rises  with  increase  of  load. 

Occasionally  it  is  found  convenient  to  use  an  entirely  separate  source 
for  the  excitation  current  for  the  field  magnets,  and  in  such  cases  the  machine 
is  said  to  be  separately  excited. 

The  various  purposes  for  which  these  different  methods  of  exciting 
the  field  magnets  are  generally  employed  may  be  summarised  as  follows 
(i.)  Shunt  winding. 

(a)  Central  station  glow  lamp  working. 
(6)  Secondary  battery  charging, 
(c)  Electro-chemical  work. 
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(ii.)  Series  winding. 

(a)  Series  arc  li^htinR. 

{())  I-ong-distance  tiansmission 
(iii.)  Compound  winding. 

(a)  Istilatcd  plants  in  public  and  private  buildings. 

(b)  Central  station  work  generally. 

(c)  Traction  generatora. 
(iv.)  Over-compounding. 

(a)  Traction  generators, 
(v.)  Separate  excitation. 

(«)  Low  voltage,  large  current  machines  for  certain  electro- 
chemical work. 

(6)  High  voltage,  constant  current  machines  for  long  distance 

transmission. 

Armature  Winding".— Dynamos  are  sometimes  classifu'd  according  to 
tiie  method  adopted  for  the  winding  of  the  armature.  The  greatest  ditter- 
ences  from  this  point  of  view  are  those  existing  between  open-coil  and 
closed-coil  windings.  The  latter  may  be  sulHlivided  into  riiii:.  drum  and 
disc  windings,  the  two  former  being  by  far  the  most  widely  used.  Further 
sulxlivisions  could  be  made,  and  the  relative  merits  of  the  various  systems 
will  1)0  discussed  later.  Tlu  leading  methods  have  been  aln  ady  describ<>d 
in  Volume  I.  (pages  486  to  497).  As  a  basis  for  dassifsmg  the  machines, 
however,  this  particular  detail  of  design  does  not  serve  any  very  useful 
purjwse  in  dealing  with  modern  machines. 

Voltage.— Whilst,  generally  speaking,  the  size  of  a  machine  depends 
upon  the  maximum  output  and  rated  speed  for  whieh  it  is  designed,  the 
question  of  the  voltage  or  pressure  at  which  the  energy  is  to  Ixj  delivered 
may  profoun(ry  modify  the  design,  and  hence  may  be  adopted  as  another 
subsidiary  ba>is  of  classification.  Thus  a  500-kilowatt  machine  designed 
to  give  a  pressure  of  only  50  volts  must  deal  with  10,000  aii4H  u  s  on  its 
commutator,  whilst  a  machine  with  the  same  output  at  1,000  volts  has 
only  to  handle  some  590  amperes.  In  one  case  the  commutation  of  the 
heavy  current  is  the  chief  dithculty,  whilst  in  the  other  the  insulation  for 
the  high  voltage  and  the  prevention  of  flashing  over,  and  other  similar 
troubles,  have  to  be  provided  for. 

II. — ^THE  M.\GNETIC  CIRCUIT  ;  THE  FIELD  MAGNETS 

It  will  be  understood  from  the  laws  of  the  magnetic  circuit  (see  page  282, 
Vol.  I.)  and  the  general  principles  of  the  construction  of  electro-magnets  {see 
page  330),  especially  of  d>Tiamo  elcctro-ma.gnets  (see  page  497),  that  the 
magnetic  circuit  of  a  continuous  current  dynamo  must  be  treated,  in  the 
final  resort,  as  a  whole,  and  that  the  magneto-motive  lorce  retjuired  to 
I»x>dttce  a  required  flux  in  the  active  part  of  the  machine  depends 
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upon  the  dtsi^n  and  (liiiu'rjsinns  of  all  parts  of  tho  cinuit.  Nt  virthtU'SS, 
it  will  be  convenient  in  the  first  instann-  tn  take  the  different  parts  of  the 
circuit  separately,  and  tn  examine  how  they  have  been  dealt  with  and 
modified  in  actual  machines.  For  this  purpose  it  is  intended  to  postpone 
the  consideration  of  tlie  armature  onre,  and  to  consider  first  the  field 
magnet  part  of  the  circuit. 

Bipolar  Machines,  Slngrle  Clrenit.— As  already  explained,  this  type  of 
machine  does  not  bulk  largely  in  the  total  production  of  modern  generators, 
except  in  the  special  case  of  turbo-dynamos,  which  will  be  dealt  with 
separately;  it  is  therefore  only  necessary  to  refer  briefly  to  some  of  the 
developments  which  followed  the  historical  machines  described  in  Volume  I., 

[-pl  Q-i  but  which  in  their  turn 

\  have  nearly  (lni[)p»d  out 

of  use.  In  the  single- 
circuit  bijiolur  machines 
we  have  the  simplest  and 
most  easily  constructed 
types  of  a  dynamo  mag- 
netic circuit.  The  ch.ef 
magnetic  requirements, 
as  already  jxiinted  out, 
are  short  thick  cores  for 
the  magnetising  coils, 
P^.;^  heavy  yokes,  and  an 
ample  quantity  of  iron 
in  the  pole  pieces. 

(a)  Undertype.  —  At- 
tention has  already  been 
directed  (see  page  526, 
Vol.  I.)  to  one  of  the  chief  magnetic  defects  of  this  type  of  magnet  ircuit, 
namely — the  magnetic  leakage  through  the  iron  of  the  bed-plate  which  is 
magnetically  in  parallel  with  the  iron  of  the  armature  core.  The  difficulty 
was  met  in  some  cases  by  interposing  a  thick  non-magnetic  footstep, 
usually  made  of  zinc  and  about  five  inches  deep  (Figs.  498,  500,  and  501, 
Vol.  I.),  between  the  iron  of  the  pole  pieces  and  the  iron  of  the  bed-plate. 
This  device  rendered  the  leakage  less  copious  by  increasing  the  reluctance 
of  the  leakage  path,  the  portion  of  which  passing  through  the  bed-plate 
must  include  a  length  of,  at  least,  ten  inches  in  non-magnetic  material. 

Another  method  of  reducing  to  a  minimum  the  magnetic  leakage  through 
the  l>ed-plate  was  to  support  the  magnets  by  solid  gun-metal  brackets  at  the 
side,  these  latter  beinr;  Ixiltr-d  to  the  outer  frame  of  the  bej-plate,  the  iron 
of  which  is  cut  away  beneath  the  poles  of  the  machine  as  in  Fig.  3,  which 
shows  diagrammatically  a  field  magnet  and  armature,  with  the  supporting 


Fig.  3.— MagiMtie  Citeait  of  an  Undertype  Machine. 
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biiii  kt  ts  A  A  bolted  to  the  bed-plate  b  B.  The  iron  bod-plate  »  thus 
K  iiiuvtHl  to  a  distance  from  the  gap  hh  between  the  horns  uf  the  pok' 

(6)  (hcrtvpe. — Th«  arrangement  «>f  the  maRnt'tic  circiiit  in  this  \\\» 

i;,!-.  li. .  11  -lii'w  ii  ilia^'iammatirally  in  V\^.  473  (b).  Vnl.  I.,  .nul  ,iti  cx.imjilc  of 
.u  lualiuacliiiu's  was  giwii  in  Fi^;.  502.  Tlu-  lyjv  was  a  lavouiitf  un.'  witli 
EnK'lish  and  Continental  niakirs  in  the  early  years  of  this  mi  tiny  fnr  ina(  liini^ 
with  an  output  up  to  aliout  80  kilowatts,  and  it  was  u^ii  with  U>th  rint, 
and  drum-wound  armatures.  A  good  modern  example  has  «  been 
>hown  in  the  coupled  transformer  plant 
of  Messrs.  Johnson  and  Piullips  (Fig.  bo8, 
Vol.  I.)  with  reference  to  which  we  give  in 
I'li;.  4  a  diapani  of  the  magnetic  circuit 
at  1  iK'l'l  angles  to  the  axis  of  rotation. 

One  great  advantage  of  this  tyjx;  of 
field  !iia|,'tift  is  that  the  iron  of  the  Ix'd- 
piale  quite  conveniently  forms  the  yoke 
part  of  the  magnetic  circuit,  and  thus 
serves  a  double  purpose.  This  will  be 
i  vident  from  an  inspection  of  the  figures 
r.trrnd  t^p  above.  Other  iiutliods  of 
securing  this  object  were  descnl>ed  in  the 
last  edition.  The  chief  mechanical  dis- 
aclvantaf,'e  is  that  the  axis  of  rotation 
is  ivhitively  high,  necessitating  high 
pidi-tals  tor  the  l)earings. 

(c)  Iron-dad  Ty/'c— This  type  of  single 
magnetic  circuit  has  been  shown  dia- 
grammatically  in  Figs.  477  and  306,  Vol.  I. 
There  are  often  two  magnetising  coils 
magnetically  in  series,  as  in  the  undertype  and  overtype  machines ;  but 
\\w^v  anU  are  placed  either  directly  on  the  poles  or  very  close  to  them. 
It  might  1)0  argued  that  the  circuit  shown  in  Fig.  506  is  a  double  and  not 
a  single  magnetic  circuit ;  the  lines  flowing  horizontally  across  the  armature 
may  complete  their  circuit  by  passing  back  through  the  iron  by  any  of  the 
enclosing  ^-atlis.  A  closer  examination  will,  however,  show  that  the  whole 
of  the  uscV.d  lines  pass  through  both  magnetising  coils,  whose  M.  M.  1 
are  therefore  in  series,  and  that  it  is  the  yoke  iron  only  which  is  ^i)lil  and 
offers  alternative  jxiths  to  the  returning  lines.  The  term  "  double  magnetic 
,  in  nil  "  is,  however,  better  restricted  to  those  cases  in  which  there  are 
two,  or  two  groups  of,  magnetising  coils  placed  magnetically  in  parallel, 
the  lines  set  up  by  one  coil  or  group  not  passing  through  tlie  other,  but 
completing  an  independent  circuit.   Similarly,  the  magnetic  circuit  of 


Fig  4.— Mafoclie  Cinait  of  an  Onttyp* 
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Fiff.  477.  Vol.  I.,  is  a  single  magnetic  circuit  only,  nnce  there  ia  bat  on 
nia^'tu'tiMii^'  mil  and  all  the  lines  gmerated  past  tbrooi^  it,  thoof^  there 
are  alttrnativc  return  paths. 

Full  details  of  the  machine  referred  to  in  Fig.  477  and  also  of  tlu 
curious  and  intiTosting  Thomson- Hou<;ton  arc-light  djmamos  were  r  vi-r 
in  the  tLchnological  section  of  the  last  edition  of  this  booic  and  wil 
repay  perusal  by  those  interested  in  the  historical  ^vetopment  oj 
dynamos.- 

BIpolftF  Maehlnet,  Doable  Circuit.  —  (  0  open  Tyf>e.— The  machine! 

of  thi-  ly|x'  wtTo  numerous,  and  exhibited  considerable  variety  in  the  detail? 
of  their  design.  Some  of  the  forms  are  given  diagrammatically  in  Vol.  I. 
(see  Fig.  475  (d),  (<),  and  (/),  and  Fig.  495),  whilst  actual  madtines  we« 
(^-rribed  niul  illnstrated  in  Figs.  492,  493,  494,  and  496.  They  have  played 
an  iiiiiHii  i.mt  part  in  the  development  of  generators  for  electric  lighting 
purposes,  and  are  still  widely  used  for  isolated  plant.-..  The  more  moderr 
forms,  however,  do  not  show  any  marked  difierence  in  their  magnetic 
circuits  from  those  already  described,  and  therefore  we  do  not  propose 
to  illustrate  them  further. 

(6)  Iron-dad  Type. — In  bijxilar  machines  with  double  magnetic  cir- 
cuits the  iron-clad  tj^je  of  machine,  which  was  never  wry  widely  used, 
ha ;  become  quite  ol)S(;lete  a  ;i  i,'eiu  nitor.  Where  it  still  persists  it  is  chiefly 
used  fi>r  motor  piirpiM  <,  and  therefore  we  may  pass  it  over  here  without 
further  comment,  k  aving  such  remarks  as  may  seem  desiraUe  to  a  sub- 
sequent chapter  on  Motors. 

Four-Pole  Machines.  (</)  0/>eti.— Though,  strictly  speaking,  these 
may  he  regarded  as  multipolar  macliines,  they  form  a  sufficiently  large 
class  to  be  dealt  with  separately,  especially  as  sometimes  the  design  ol 
the  magnetic  cnrcuit  is  modified  in  a  way  that  is  either  not  possible  or  not 
convenient  when  the  poles  are  more  numerous.  The  most  usual  disjxj- 
sition  of  the  various  magnetic  circuits  is  shown  diagrammatically  in  Fig. 
510,  Vol.  I.,  but  another  form  magnetically  very  different  (Figs.  508  and 
509)  has  also  b^°a  described  and  illustrated. 

The  polygonal  form  of  yoke  with  magnet  cores  projecting  inwardly 
from  the  flat  sides,  as  shown  in  Fig.  510.  lias  been  to  a  great  extent  replaced, 
even  in  four-pole  machines,  by  the  cylindric  form.  Where  the  number  of 
poles  is  greater  than  four  the  cylindric  yoke  is  almost  universally  adopted. 
It  has  the  advantage  of  giving  a  neater  appearance  to  the  machine,  and  as 
it  presents  fewer  sharp  edges  there  is  less  tendency  for  magnetic  leakage. 
A  four-pole  machine  of  this  form  is  illustrated  in  Fig.  5,  which  represents 
a  6o- kilowatt  machine  constructed  by  Messrs.  Jo'i.ison  and  Phillips  a  few 
years  ago.  The  lower  part  of  the  yoke  dips  into  a  pit  m  the  bed-plate, 
by  which  it  is  supjxirted  on  substantial  brackets  which  are  part  of  the  yoke 
casting,  which,  in  this  instance,  is  in  halves,  divided  along  a  horifontal 
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diameter.  This  i  .ethod  of  constniction  reduces  tlie  lieiglit  of  the  shaft 
and  of  the  pedestals  which  carry  the  bearings,  and  is  therefore  in  accord- 
ance with  siiund  principles  ot  mechanical  design.  The  bolts  by  which  tlie 
magnet  cores  are  attached  to  tlic  yoke  can  be  seen  in  tlic  ligurc.  Full 
details  of  this  and  other  methods  of  attaching  the  cores  to  these  circular 
yokes  will  be  given  later. 

In  Plate  I.  is  given  a  scale  drawing,  consisting  of  an  end  and  a  side 


ric.  5.— <o-KiIawMt  Foar-pel*  t>]niaait> 


view,  each  partly  in  section  to  show  details,  of  a  standard  foiir-polo  eight- 
kilowatt  machine  constructed  by  Messrs.  Bruce  Peebles  and  Co.,  of  Edin- 
burgh.  In  this  case  it  will  lie  noticed  that  the  whole  of  the  magnet  ring 

is  ihove  the  hi'ii/dntal  \\\\\\'-  nf  tlie  Iied-plate  to  wliich  the  brackets  carry- 
iiif,'  the  rini,'  are  licltcd  (iMg.  lO,  and  that  tlierefore  the  single  jiedrstal  which 
is  shown  in  the  phite  is  ii  l.itivciv  Innrt  r  than  the  jM^lestals  in  1  his  is 

permissible,  however,  because  tliis  machine  has  an  output  of  eight  kilowatts 
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only,  whereas  the  machine  shown  in  Fig.  5  is  a  6o-kilowatt  machine.  A 
reference  to  tin-  (Hm.iisions  given  on  the  i)late  ihous  that  the  pedestals 
though  relatively  long,  are  only  15  inches  high  to  the  centre  line  of  the 
shaft.  . 

Tlie  genual  cxterial  ai)i)earance  o£  the  machine  is  shown  m  rig.  o, 
which  differs  from  Plate  I.,  inasmuch  as  the  machine  is  shown  with  three 
bearings  and  a  wide  driving  puUey,  whereas  in  the  plate  only  one  bearing 


Fig.  6.— Eight.Kilomtt  Four-pole  Dynamo. 

13  shown,  there  being  a  half-coupling  at  the  other  end  of  the  shaft  for  direct 
connection  to  the  shaft  of  a  steam  engine  or  other  prime  mover. 

Tlie  [nincipal  dimensions  of  the  machine  and  of  its  more  important 
det.iils  are  given  on  the  plate,  in  which  the  upper  halves  of  the  two  figures 
are  shown  in  section.  These  details  will  he  fully  referred  to  later,  and  there- 
fore attention  need  only  be  called  here  to  tlie  neat  and  compact  appearance 
of  the  machine,  and  to  the  exceptionally  deep  flanges  on  the  yoke  ring, 
which,  with  tlie  polar  jirojections,  is  cast  in  halves,  divided  along  a  horizontal 
diameter.  These  deep  flanges,  besides  improving  the  appearance  of  the 
machine,  tend  to  protect  the  magnet  windings  from  mechanical  injury. 

(b)  Inm-diid.  As  in  the  hlnolar  in.ichines,  the  four-pole  machines  of 
the  iron-clad  tyjie  are  now  chiefly  used  for  enclosed  motors,  and  we  shall 
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therefore  defer  their  consideration  to  the  chapter  on  continuous  cuin  nt 
motors. 

(t  )  Highspeed  Turbo-Dynamos.— As  already  explained,  tlie  high  spit-ds 

at  \vi  dynamos 
can  l)c  driven  by 
steam  turbine > 
make  it  possible  to 
obtain  the  usual 
voltnpes  with  a  com- 
paratively small 
number  of  poles,  and 
at  tlu'  prc-^ent  time 
turbu  -  dynamos,  as 
they  are  usually 
called,  are  most  fre- 
(lucntly  built  with 
tour  j)i lies,  and  there- 
fore fall  naturally 
into  the  present  sec- 
tion. 

The  high  speed 
of  the  armature  or 
rotor  introduces  new 
probli ills  peculiar  to 
it-t  lf  which  will  be 
dealt  with  subse- 
quently, but  these 
])iohk'iiis,  and  esjx'- 
cially  those  con- 
nected with  commu- 
tation, react  on  the 
design  of  the  field 
magnet,  and  in  most 
types  of  t  u  r  b  o- 
dynamos  have  led 
to  striking  develop- 
ments. Put  briefly, 
it  may  \x  said  that 
wliiM  the  general 
method  is  to  employ 
an  encircling  yoke  ri 
in  the  lower  speed 


Fig.  ».-Ct0Mi-S«:tioii  of  the  Magnetk  Cireviit  nf  «  Urush  75o^Kilowati 
Turlm-Dynanw.   (Speed  of  Rotor,  a,4D"  >■ 


ig  with  1h( 
machine: 


iiKigiii  lie  flux  directed  inw.irds  from  it,  as 
this  tlu.x  is  sometimes  larncd  by  salient 


cores  projecting  inwards  in  the  usual  way,  whilst  in  other  casi:,  the  pio- 
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jecting  iron  more  nearly  resembles  in  its  general  arrangement  the  iron  of 

the  stator  of  an  induction  motor. 

These  two  general  plans  will  be  readily  contrasted  by  an  examination 
of  Figs.  7  and  8.  The  first  is  a  half-section  perpendicular  to  tlie  axis  of 
the  magnetic  circuit  of  a  four-pole  turbo-dynamo  built  by  the  Brush  Elec- 
trical Engineering  Company,  and  designed  for  an  output  of  750  kilowatts 
at  480  to  520  volts  at  a  speed  of  2,400  k.  p.  m.  The  internal  diameter  inside 
the  pole  faces  is  24  incli'  ~   from  which  tlie  general  dimensions  of  the 

machine  can  be  inferred. 
It  will  be  noticed  that 
the  cores  of  the  magnets 
are  bolted  to  the  jroke 
frame  in  the  same  way 
as  is  often  adopted 
in  slow-s|)eed  machines 
and  that  the  magnetis- 
ing or  exciting  coils  arc 
in  the  usual  positio  is. 
The  difference  lies  in 
the  pole  pieces  or  pole 
shoes,  which  have  an 
exceptionally  long  radial 
depth,  and  are  slotted 
on  the  face  turned  to- 
wards  the  armature ; 
they  are  also  laminated. 
The  reasons  for,  and  use 
of,  these  slots,  as  well  as 
of  the  interpolar  pro- 

DMm  8. — 1  urbo-Dynamo  ;  Unwound  Field-frame  and  Core,  •     i  •  ■  1 1  i 

135  KUowatts  (Speed  of  Koior,  a,7r«  k.  p.  m.)  jections,  Will   be  ex- 

plained later. 

One  of  the  chief  criticisms  of  the  adoption  of  this  general  form  of  design 
of  the  field  magnets,  which  has  been  found  so  admirable  for  slow-speed 
machines,  is  that  at  the  high  '=,iecds  used  the  losses  by  windage  are  excessive, 
since  to  the  smooth  surface  ot  the  armature,  discharging  air  through  its 
numerous  ventilating  ducts,  is  opposed  the  intermittent  surface  of  the 
salient  pole  faces  between  which  are  comparatively  large  spaces,  in  which 
all  kinds  of  air  eddies,  leading  to  loss  of  energy,  can  be  set  up. 

The  other  ts^pe  of  magnet  Iraine  is  shown  in  Fig.  8,  which  represents 
the  field  carcase  without  the  windings  of  a  T35-kilowatt  turbo-d3mamo 
built  by  Messrs.  Brown,  Boveri  and  Co.,  of  Baden.  Core  plates,  slotted  as 
shown,  are  carried  by  a  rigid  frame,  the  plates  being  so  arranged  as  to  allow 
air-passages  of  ample  size  to  ensure  the  efficient  ventilation  of  the  windings. 
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In  tliis  case  the  outer  frame  acts  as  a  housing,  as  in  an  inthicfion  motor, 
and  is  not  intended  to  be  an  effective  part  of  the  magnetic  circuit.  This 
w  ill  l)c  more  clearly  seen  from  an  inspection  of  the  right-hand  figure  on 
Plate  IV.,  which  represents  an  end  view,  partly  in  section,  of  a  similar 
Brown,  Boveri  machine  designed  to  give  500  kilowatts  and  250  volts  at  a 
speed  of  2,100  R.  r.  M.  As  in  the  Hrush  machine,  the  pole  faces  are  slotted. 
The  method  of  winding  will  be  discussed  later. 


Tit.  A— Voice  Riar,  Kulr  Fmmib  of  Tm-Pok  Mather  and  Piatt  Dymuna 


The  appearance  of  a  large  machine  of  this  type  is  well  shown  in  Fig.  9, 

wliich  represents  a  turbo-dynamo  built  by  Messrs.  Siemens  Bros.'  Dyiianio 
Works,  Ltd.,  for  Devonport.  This  machine  gives  1,200  kilowatts  at  460 
to  500  volts,  when  running  at  1,250  R.  p.  m.  It  is  an  eight-pole  machine, 
stands  9  feet  high  above  the  engine-room  floor,  and  covers  a  floor  sjiace  of 
14  feet  long  to  face  of  coupling  by  7  feet  6  inches  wide.  Further  details, 
more  especially  as  regards  the  commutator,  will  be  given  subsequently 
{see  page  139). 

Multipolar  Machines.  —  («)  Shw  Speed.  —  For  continuous-current 
dynamos  of  moderate  and  large  output  tliis  form  of  field-magnet  design  is 
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now  universally  adopted  wherever  the  machine  has  to  be  driven  by  a 

nciprocatiiig  iiigiiu-,  for  which  purpose  the  design  assunM-d  great  ini- 
portance  of  recent  years  in  consequence  of  the  erection  of  large  generating 
stations  for  traction  as  well  as  for  lighting;  purposes.   Large  rotary  con- 

vi  rtcr^  arr  al-o  built  with  multiiiolar  fields.  aii(l  the  u>e  of  suc  h  field  magnets 
has  only  recently  been  checked  by  the  deveU)pnient  of  turbn-dynamos. 


Fig.  II,— Diograa  of  Fietd  Magnets  of  Mather  ud  PUtt  <oo-Kilowatt  Mullipolu  Dynaroo. 


Willi  the  exception  of  machines  similar  to  that  illustrated  in  FiLC.  511, 
Vol.  I.,  which  were  never  very  widely  used,  the  general  plan  for  continuous 
current  dynamos  is  to  place  the  magnets  outside  the  armature  in  the  form 
of  a  continuous  encircling  ycike,  with  inward  polar  projections  carr^nng 
the  magnetising  coils,  and  frequently  having  specially  sliaj:K(l  pole  faces 
altadud.  A  g-iod  example  of  such  an  encircling  yoke  is  seen  in  Fig.  10, 
which  shows  the  yoke  ring  of  a  ten-pole  machine  built  by  Messrs.  Mather  and 
Piatt  for  the  Corporation  of  Salford  a  few  years  ago.  This  dynamo  gives 
Nt'O  kil>Av.iiis  at  pressures  varying  from  440  lu  550  volts,  (he  speed  Ix-ing 
100  revolutions  per  minute;  The  yoke  ring  is  of  cast  steel,  cast  in  two  parts, 
M 
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W\w^  (lividffl  across  the  horizontal  diameter.  It  is  supported  by  the  two 
silk  brackets  wliich  form  jiart  of  the  lower  casting,  the  greater  jx.rtion 
of  which  is  sunk  below  the  level  of  the  floor  of  the  dynamo  room,  thus 
rrdiK  itif,'  til.'  li.  if;ht  of  tlir  i)t  (lr-taU  wliidi  cany  tli.'  >hatt.  Since  the  joint 
LiLtweeii  tlie  inwardly  i)roitxting  polar  cores  and  the  yoke  ring  cuts  right 
across  the  magnetic  circuit,  shallow  projections  are  cast  on  the  ring,  and 


Fi«.  13.— Mitther  •nd  Pl«tt  «eo-Kilowati  MoUipoIar  Dynuno. 


both  sides  of  the  joint  are  accurately  machined,  so  that  when  bolted  up 

it  may  Iw  as  mechanically  porfoct  i^  pK-^IMe,  and  its  magnetic  reluct- 
ance reduced  to  a  mininiimi.  The  iigure  shows  the  bolt  holes  used  for 
fixiiiK  ilic  c.n-;,  which,  with  their  coils,  can  be  withdrawn  for  examination 
without  disturbing  the  rest  of  the  machine. 

Particulars  of  a  more  modem  hut  smaller  machine  hy  the  same  firm 
are  given  ..n  I'late  11..  and  in  Fit;,  ii.  This  machine  is  ,i  (»,(,-kilowatt 
machine,  running  at  j..o  k.  r.  M.,  and  giving  a  pre^^^lu  550  volts.  Tiiuugh 
its  outer  surface  is  somewhat  different  and  neater,  the  encircling  yoke  is 
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in  manv  rr^^ports  very  similar  to  that  shown  in  Fig.  10,  with  flu-  im- 
jxirtuiit  diltiTi'iuc  that  it  not  only  carrii's  ten  main  cores  a-  tlu'iv  ^hcl\vIl, 
hut  also  the  cores  of  ten  interi^les  whose  function  will  he  t  xplaiu.d 
!,it,r  (s<c-  I'aj^e  107).  It  is  tlurefore  a  comiwund-wuund  nmltiix)lar 
mat  him-  with  comnmtatiiiL;  pulos;  the  complete  marhinc  is  shown  in 
Fig.  12. 

Some  of  the  principal  dimensions  are  marked  on  Plate  II..  and  it  will 
Ix"  noticed  that,  although  the  over-all  diameter  of  the  machine  is  6  feet 
II  inches,  it  is  so  far  sunk  tiiat  tlif  axis  i-  only  32  5  inches  from  the  floor, 
and  the  ix'destal  supporting  Ww  1.  ii-liand  hcariiii,'  is  corres{X)ndin^'ly  short- 
ened.   At  the  other  end  of  the  shatt  is  a  hall-i oiiplmg  cast  with  the  spid.  r 
to  ,  nui)!>'  (linctly  to  the  engine  fly-wheel,  which  is  shown  in  position.  The 
.inniil   is  collocted  by  ten  sets  of  brushes  B,  Bj,  which  lead  to  two 
conducting  rinL,'s.  ini,'iniously  shielded  by  a  IxU-inouth  guard  attadud 
to  the  pedestal,  five  sets  of  brushes  being  connected  to  each  ring.  Carlxm 
hi  iishos  are  used,  there  being  eight  of  these  on  each  brush  arm.    There  are 
thnvfun-  40  bru>lu's  for  carh  ring,  and  at  the  full  load  carh  will  takt'  diargc 
ol  27  to  28  amperes,  the  current  density  not  exceeding  30  anipt  res  jx  r  miu.iiv 
inch.    There  is  no  hand  wheel  to  adjust  the  brush  rocker,  as  the  niai  hini' 
will  run  spatkk  ->ly  at  all  loads,  and  up  to  50  per  cent,  overload,  with  a  fixed 
jxisition  of  the  hni>lics.    Should  it,  however,  be  necessary  at  any  time 
to  readjust  the  position  of  the  brushes,  the  bolt>  fixing  the  two  h.ilves  of 
the  bru>h  rocker  can  be  slackened,  and  the  whole  of  the  brush  gear  moved 
to  a  new  {position  and  fixed  there.    From  the  collecting  rings  the  current, 
of  i.oi)o  amperes  at  full  load,  is  led  by  heavy  flexibles  to  the  terminals  T,  T., 
which  are  placed  in  the  pit  below  the  dynamo  so  that  the  heavy  conductors 
which  carry  the  current  to  the  switches,  t-tc,  on  the  switchlward  may  Ix; 
conveniently  run.  and  be  out  of  the  way  of  the  moving  machinery  and  of 
appliances  wliiel-.  may  be  n  quin  d  in  the  event  of  a  breakdown.  Further 
details  of  this  dynamo  will  be  given  later. 

An  example  of  a  multipolar  field-magnet  casting  is  shown  in  Fig.  13, 
which  was  tlie  p.ittem  used  by  the  British  Westinghotise  Company  a 
few  years  ago  ioi  tiieir  MN-p;)le  railway  generators,  and  is  a  good  exanii>le 
of  an  interesting  method  of  construction.  The  casting  is  divideil  into  two 
arts  across  the  horizontal  diameter,  the  junction  surfaces  being  carefully 
niadiiiu  d  so  as  to  fit  well  together  when  bolted  up,  for  they  cut  jx-rpcndicu- 
larly  across  the  magnetic  flux.  In  this  case  the  cores  and  ]iole  faces  of  the 
magnets  are  of  laminated  soft  steel,  and  are  cast  solidly  with  the  yoke, 
.ns  sliown  for  another  machine  in  Fig.  18,  so  that  the  only  mechanical 
I.M111-,  111  lln>  part  of  the  magnetic  circuit  are  the  two  already  mentioned, 
riirrc  is,  of  coin>e,  a  (.  rtaiii  break  of  (  "ntinuity  from  the  east  in m  to  the 
imld  steel,  but  as  tlie  former  shrinks  tightly  on  to  the  latter  in  cooling, 
the  joint  is  probably  better,  from  a  magn-tic  point  of  view,  than  the  best 


mg.  I3.-M»gwi  Cm«e  of  Wentlnghoiw  MnWpotar  Djtob". 


field  mi  -net  built  by  M.  -r~.  Conii^ton  and  Co.    The  machine  is  a  14^ 
"ac        desigrid  Icr  an  output  of  500  kilowatts  when  runnmg  at 
S>  R  F.  M.    Although  somewhat  hidden  by  the  inwardly  projecting 


such 
polar 


is  a  14- 
iining  at 
rojecting 
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"  .    ■      .1  -   1,  n>.  of  til.  poUs  and  the  pole 

brackets  which  carry  the  bru^,  r,n.  .hc^^^^^^^     ^  „u  'mach>ae  can  also 

,,,es  cau  I.  height  of  the  .nagnet  nng  « 

be  seen  in  the  bai  W^'.oniul.     m  ,„  diameter. 

X2  feet  6  inches,  an.l  the  a.matu.e  -  '  ^.^^^-^  „ns 


r      .    MUMI  Ring  of  ...m-Kilowat<  Crockcr.W,,c.!.r  Pynamo. 

l^^^^,  ,,„.j„le  n^achinc  of  similar  construc- 
gives  sections,  etc.,  '\l^^;^,'')Xkes  in  diameter,  running  at  the 
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f  „,o  fioU  .nacn-t  of  a  ir,-,r.lo  marhinc  built  by  the  rmrkor-Wlu ,  lor 
,,f  tlK   tioia  iiiit,!.  J    nia^jnrts  are  part  -f 

.  av  '.  the  iu.^^p..lcs,the  splmins  ut  tin-  y..k.  rm,    r  n  n- 
•  iv.tl,  in  t  >is  and  the  Mather  and  Piatt  dynamo  on 
pr  irVZ^tlHti!\^>v:'  :h;;,.r,.,nu,  a.,,.,,  .,  ana  .,a,  th..e. 
,  i    ,1  oVn-r  and  lower  section,  are  une.pul.    In  1m,  14        yoke  n.^ 
!:;:,  !l;;,p ?,  !in,  braekets  of  the^Soo-kUowatt  Crompton  dynamo  apiH=ar  to 
l)e  ia>l  in  "lie  pifn'.  * 

Details  of  Field- 
Magnet  Construc- 
tion.—The  actual  set- 
tlement of  the  details 
and  dimensions  of  the 
In  1.1   magnets   for  a 
partidilar  machine  re- 
quins  that  the  t,'eneral 
principles  laid  down  in 
the  pages  of  Vol.  I. 
^liMiild    be  carohiUy 
borne  in   mind,  and 
involves  also  a  fair 
amount  of  numerical 
calculation  to  insure 
that  the  output  of  the 
machin-,    under  the 

L :»'..;:;„..„  ,„  „»     .h..  ... 

a,„„nt  10  which  reference  «n  «  .  .     a  -  ■   a    -  ^^^^ 

1  hnt  of  the  circle  A  being  taken  for  convenience  as  lo...  Ih-  ui^t 
then         the  square  c,  whose  ix.nnK.ut ,»  iij.   In  D  we  have  l«o  arcM 
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and  last  of  all  two  .  rd    ^^^^  therefore  141  ^ 

have  already  been  .u  .  n  and  some  w.ll  appear  later. 


F.g.  1-.— Oclillj  of  tMCuauiul  ilaimjl  Core*. 


In  t'-o  .l.-ii^n  of  the  magnetic  circuit  sharp  edges  and  corners  should  be 
avoided  esncc  ialK  at  places  not  far  apart,  between  which  the  difference  of 
magnetic  poteut.al  is  great  and  a  leakage  fieUl  readily  set  up.  For  reasons 
si^lar  (mutat.s  mutandis)  to  those  which  have  been  dealt  w.th  m  connec- 
tion  with  the  electrostatic  field  (see  pages  82-84.  Vol.  I.),  the  hnes  o  ma.metic 
flux  in  passing  from  good  magnetic  to  non-magnetic  material  tend  t..  crowd 
together  at  places  where  the  curvature  ..f  the  surface  is  great.  Slia.p 
edges,  therefore,  tend  to  increase  the  leakage  from  the  material  on  wlmh 
thev  are  placed.  For  particular  purposes  this  may  sometimes  be  desirable 
but  such  cases  are  exceptional,  and  more  usually  the  general  rule  should 
be  observed. 


Casting  Yoke  Rises 


The  shape  of  the  cores  um.I  in  the  larfje  rail^-av  P«""7*<"",^^";;»  .^J 
M  r  nui  K.  r.  .>na  Co.  is  shown  n,  Fii;.  17.  »  -  v,  ral  1.  aso„>.  which 
IJintS-^l-.  due  course.  U  .  ioun,i  ...  — •  these 


rig.  tC*-nie  Mould  for  Casting  >  MaUipolir  Yoke  Rln«. 


cores   and  the  figure  shows  at  A  and  B  two  patterns  of  sheet  metal 
typings  which  are  used  to  build  the.n  up.    The  as.ernbled  stampings 
arc  .hown  at  c  C  where  it  will  be  noticed  that  the  a  stampings  are  m 
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the  ini.MIc  and  the  B  stampinRS  at  the  i-iul.  The  ton  part  tins  fi^'ure 
r  c  is  tlie  part  rnun.l  which  the  molten  iron  is  to  how  m  the  ca^tuifP. 
and  the  iriri,'ulaMtie>  in  tlu>  h.if^'hts  of  fh.'  .Iillmnt  sheets,  as  well  as  the 
undercut  surfaces  at  ./ are  .Ksi^'iu  d  witii  a  v  iew  to  eiuihle  the  molten 
metal  to  key  well  into  the  parts  of  the  cure,  inakin?,'  u  px.d  jomt  l..th 
nic.  haiii.  ally  and  el.  <  trirallv.  The  thick  plates  D  and  E  are  the  end  plates, 
wh.di  can  ho  s,- .  n  in  position  on  c  c.  Tlie  bolts  used  for  boltinR  up  are 
slK.wn  in  front  ;  thev  are  liKhtlv  insulated  fnmi  tlu>  laminated  ncn.  The 
Sharp  edees  at  «<  in  the  stamping's  aie  mudilicd  by  havmy  po'ar  extensions 

clamped  round 
them  afterthey 
are  placed  on 
tlie  nia<liine. 

Some  de- 
tails of  the 
prejiaiation  of 
the  moukl  for 
c  a  s  t  i  n  f,'  t  h  e 
lower  half  of 
the  yoke  ring 
are  shown  in 
Fig.  i8,  where 
in  the  bottom 
part  the  core 
stampings  will 
be  seen  im- 
bedded in  the 
moulding  sand 
with  their  back 
ends  projecting 
into  the  cavity 

into  which  the  nioldn  metal  will  he  run.  These  projecting  ends  are 
coated  with  a  suitable  flux  to  ensure  the  union  of  the  molten  iron  with 
the  steel.  When  the  upper  part  of  the  figure  is  placec*  over  the  lower 
part  the  mould  will  be  complete.  The  whole  magnet  finme.  with  some  of 
the  magnetising  coils  in  position  on  the  cores,  is  show.  ''ig.  19.  One 
clisad\antage  of  laminating  the  core  of  the  field  magnet  is  that  it  neces- 
sitates a  nearly  square  or  rectangular  section,  which,  we  ha%'e  seen,  is 
uneconomical  for  the  magnetising  coils.  This  consideration  leads  some 
manufacturers  to  use  a  cvliiulric  solid  core,  and  to  Cdiilinc  the  laminations 
to  a  speciall\-  shaped  polar  face.  (_)n  the  other  hand,  this  necessitates 
an  additional  joint  in  the  magnetic  circuit,  and  a  compromise  has  to  be 
made  between  the  conflicting  conditions.   Some  makers  (e.g.  the  Crockero 


Fig.  19.— Magnet  Frame  «ritb  ExcitinK  Coils. 


/ollfTS  IN  THM  MaGSBTK  CiRCVIT  2? 

U  h. .  It-r  rdtiiiiaiu  )  ( a-f  the  yoke  rouml  tlu-ir  solid  rvlindrir  cores  in  the 
-.WW  manner  its  abuvf  (Itscnixil  for  laniinattd  (ur«  s. 

f„iii/^.  -  Tiu-  aiM)ve  metiiod  of  casting  the  covtr  willi  tlu-  yk.'  i-  net 
„„  irlv  .1  niatlrr  of  mechanical  convenience,  hnt  has  alK>  ct  rt.iiii  in  if^'ii.  i n- 
i  ,  .,ni,i:'>-.    Anv  lircak  of  (  (intiiuiitv  m  thf  inat(  lial.  it  -u  lOarcd  that  the 
M.av'iiitic  tUix  must  cross  the  brtak.  will  nianitc-tly  a.l«l  U<  r<hi«tancc 
,"f  the  circuit,  and  should  therefore  be  avoided  if  ihismI.]..     In  mtain 
!•  -i-iis,  liiiw.  vcr    for  instanc where  cast-iron  yokes  are  umU  with  wiuught- 
,,,ii  coiVs.  or  in  laiyc  multipolar  yoke  ring's  (s.v  Fii?;.  i'>  to  15  and  else- 
wii.  r.  )-tin.'re  aiv  manifest  ads aiitai;es,  mechanieal  and  otlieiwi-e.  to  I'c 
,.l.tained  by  allowing  such  joints  to  exist.    It  thmtorc  becomes  imi  oiiaut 
to  inquire  how  far  the  reluctance  is  increased,  and  how  such  increase  may 
be  iniMimiscl. 

Kxpt'iimeuts  have  been  made  with  this  objec  t  by  Ilwini,'  and  others, 
and  it  has  teen  found  in  the  first  place  that  a  bailly  litlol  joint  pkued 
.t.  io-^s  the  flux  in  a  matjnetic  circuit  adds  considerably  to  the  rthutaiue. 
but  the  ill  ellei  ts  may  1mi  reduced  by  carefti'lv  machining  and  fitting  tlie 
two  Miles  of  the  joint  so  that  they  <ome  win  iM^rther. 

The  other  factor  wliich  affects  the  reluctance  of  the  joint  i>  the  Ihix 
density  B.  This  is  due  to  the  fact  that  the  masnetic  flux  causes  an  aiiia<-- 
tion  between  th.'  surfac-s.  the  pressure  tlieiebv  created  Ix'in.t,'  proportional  to 
B'.  As  the  surfaces  thus  become  magnetically  more  tiqhtly  held  together 
we  should  expect  the  reluctance  of  the  joint  to  diminish,  and  sudi  1-.  m 
!,irl,  the  ease.  With  some  experiments  with  wrought  iron  it  was  found 
tint  with  a  tlux  of  about  1.500  (gausses*  the  reluctance  of  a  well-machined 
j.iiit  wa>  equal  to  that  of  3  inches  of  the  solid  iron:  at  12,400  gausses 
the  reluctance  fell  to  that  of  i  inch  of  solid  iron  ;  wlulst  at  1^.200  (gausses 
It  was  as  low  as  0-005  inch,  and  at  still  higher  densities  the  difftien.( 
to  be  appreciable.  Thus  at  luK'h  tlux  densities  a  well-niachiiied 
J.  lilt  had  no  appreciable  effect,  but  at  low  densities  the  tffect  was  very 
marked. 

Oiif  other  point  is  worth  notice,  and  that  is  that  when  the  joint  is 
Utwicn  materials  of  different  permeabilities  the  extent  of  the  contact 
Miilare  should  bo  calculated  for  the  material  of  lower  ]h  1  im  abiHt v.  The 
reason  for  this  is  obvious.  The  reluctance  of  a  joint  between  diflereni 
materials  may  be  diminished  by  casting  one  round  the  other. 

Magnetic  Balance.— ^'onnccted  with  >l!ai>e  is  the  (ji-estion  of  balancing 
the  mapietic  pulls  between  armature  and  tu  ld  maitnet.  The  >o-(  ailed 
mairnetic  f^ux  from  the  iron  of  one  to  the  iron  ot  the  other  is  only  a  (nn- 
veiiirnt  wav  of  repirsriitiiiL,'  the  strains  in  the  medmm  and  the  resulting 
iiuihanieal  forces.  If  everything  is  p'rfectly  symmetrical,  the  pulls  on 
one  side  of  the  axle  will  balance  the  pulls  on  the  other,  and  no  additional 
•  Tliat  is,  1,500  magnetic  lines  per  sq.  cm. 
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.1     1    ,.,n r,uf  if  tlicn>  lie  aiiv  want  ot 

tz:^t:rzT:.'^«^:rp.JL  «■ ....  ^  - 

of  who..-  mairnotic  c.rcu.t  w  H'vrn  m  1 1^.     •    ^  • 

„.  ,...at,.,  ,l,an  .lu.  flux  a.  n.       -  "P  -  -i^-J,-  In  thus 

length  of  nia«act.c  i-ath  ihi   u-      -  '"^f;  "     ,       .^.^  force  than  it  is 

rase  the  armature  will  be  pulk-u  downu.u  .  ^    '  ;      ,  j.^^.^  of  the 

,„,,,.nls  bv  th.-  magnetic  achons     ^^^^^^^"^f;;'^  ^  tin. 

t  Sie;'^::i^tsss^^^ 

increasinR  the  mischief  because  me  u      ^^^^^^^  armature  will,  m 

its   iurn,  K'n.    n^.  to  a  still  further 
increase  in  the  flux. 

Several  remedies  have  been  pi<> 
nn<r(l    The  Minplcst  consists  m  de- 
l.Uiatdv  .U.-  ntniiK'  the  armature  bv 
raisins  its  aM>  above  tlie  axi>  uf  tlu- 
evlindi  iiallv  bored  pole  laces,  as  shown 
on  an  exa.,'f;erated  scale  in  Fig.  ao.  In 
tliisvvav  an  attempt  is  made  to  coun- 
t  ract  the  adilitional  reluctance  of  the 
„„n  in  the  paths  which  pxss  through 
the  upper  half  of  the  armature  by  the 
diminished  reluctanee  of  the  air  gap. 
In  fact,  the  idea  nia\  be  carried  much 

of  com;nutali„n  anil  atmature  reKtlon.  which        be  dialt  ».tn 

""i^Si^li-r^r-in  modem  eon.i  *  current  machines  .he  pole 

.ieJ5fS?^r5..n he  v.,  1,1  magnets  arc  usually  so  te.t.ud  that  the  „,as- 

—  crtUe»,:«ml.e„la,=eme„.,  a„d^».  i.» 
SiH  cJ!£  shpH  over  the  »d.  but  some  kW  of  dampmg  dev.ce  .s 


VIA  «.-.^"»alure  Decrnlrrcl  lo  CoU.Uctocl 
"  Magnetic  Pull. 
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I  .    .11  tiw.,n  in  their  plac.-*.    Sometimes  the  pole  fare  is  larR«T 

Tl  L  .n  their  places. thus  serv.n«  V^^^^'^tbii^ 
.„,1  „i  a  .1....M'  for  ♦♦^^  maffnetBing  coib.   Other  methods  *m 

-'v;::i;::'t    n.a..ct..„,  .  a„...u .  .^.^1 .  volume  i. 

,„  prox^dc,  under  the  various  co„.lH,„.,^        \"'  :  \,  'xdtatU^^^ 
„..iu,r«i  to  run.  the  rcq.usitc  n..,nl,.  .  tu,„.  ol  .xctat.on  to 


f  


,h.-  flux  thn^uRh  the  arn^aturo  necessarv  t, .  |>.od..ce  the  'J-;-;;  ^j-j;;;^;;^ 
?!    1   ir^.HprminalP  D   This  excitation,  aii.l  tht  rclo-e  thr  u'<n.ii» il  dini"  " 
K.T^  !.;^\v  th  the  lc,a<l  (as  will  l>e  seen  later  Nvhen  the  ques- 
■::;;'r:::lt^n  r^:;g  di^ussed),  and  tl..,      a  rule  necessitate,  the 
o  two  el  of  coils-ine.  the  shuut  coils,  ..mM.t.ng  ..f  n.a.w  t,.rns  -.f 
'on laTativolv  th.n  conductor  supplied  with  current  by  the  lu  1  pressu.e 
tl.  other,  the  ....  coi.  through  which  ' 
or  noarlv  the  whole  current,  generattd  ra--^^^-    l''^'  ^^^"^^ 
V  a  heavv  current   must  necessarily  be  wound  w.tl.  a  conductor  of 
crSn!  but,  ,.co«^a.  afewtun.  of 
the  necessar^•  ampere-turns  of  excitation,  because  of  the  heavy  currents 
IraveS^em.    Ihe  twu  condH.or.  are  therefore  .«>t  antagomst^c. 
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l^rTz^:^:^^:^^'"'^^^'  m  - 

,s  n.a.l.-  u,.  .t  h  '^^    '   7  ,  f..ll  l.^a.l  tl>e  series  coil  woul.l 

1  ,    f,,  .  iiiA  a  curmU  ..1  abt.ut  1,00..  unipcuv  ;  thr  niassiy 

V  1      nrnnt  s  ed  into  the  coil  can  Ix-  s.en      tli.         l.au.l  s.df. 

lit  K  Xh  tlie         ....  «ti«™«l  »>!  held  i„  ttor  pl«»  on  th. 


Fi,-  «  -MasneilsinK  CoiU  tise.1  by  Mc-^rs  Dick,  Kirr  an.l 

bv  Mc.n;.  Dick.  Kerr  and  Co..  of  Preston,  is  given  m  Fig.  22.  Tlie 
frame  c.n^i.ts  of  a  thin  sh<et-iron  box  A.  with  hght  end  flanges  .  K 
oen  apart  tlu-  hunt  of  tl,e  fi^'ure.  The  ro.npU  te  frame  B  ys  on  the 
extreme  rigiil.  and  the  same,  covere.l  w.lh  th..  necessary  insulating 
material,  is  in  the  centre.  The  fully  wound  ct.ils  are  on  Ihr  K  It,  u,th  th, 
s..,,.^  a,.a  shunt  h.-  t.,  form  connections  projecting  from  the^ide. 
windings  of  the  two  co.ls  cannot  be  distinguished,  a.s  the  whole  has  been 
served'with  a  bm.ling  layer  of  cord  or  other  texti'.  n,atr,  d. 

In  la,^'.-  nmltipoiar  machines  with  twenty  <.r  more  poles,  .ilthoigh 
the  amount  of  energy  re-iuired  for  excitation  is  not  large   the  ava.lal.l.- 
ice  ,s  so  hn...d  that  ^p.- ,a'  .l.vu-es  h,.v.      1  .  . ...'oved  to  u  il^e  this 
;  .ace  to  the  be>t  advantage.    ..no  very  iu:,.,.i..us  ,n.    ..d  nsc^  by  he 
(  c-neral  Electric  fompanv,  of  New  York,  lor  lu-.tn,  "'I'n  "  " 

.;-"o..i,.„v.„    -..nol,.  marhn,..,  ,s  .hown  ,n  F.g.  Hie  conductor 

consists'ot  a  cuppi  r  strip  s,  ear.luUy  insulated,  and  pla.ed  edgeNvaj.  on 
•  From  the  Street  A'tulway  Jimma!  of  New  York. 
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,,    ,„„.  r  in  a  laver  of  windinR.    In  tins  ,nann.T  tJu-  M'^;  '  'T  '  <1 

V  „M.lif.m      M.lu-.l  1..  H  ".immnn.,  ami.  alth.mKh  tl"-'  --ImK  ^uMa-o 
a    .-irh  inn.  -f  tin'  win.ln.K  l.a.  ..m  v.Ik'c  -n  W.v  miftr  surface,  an.l. 
(I    e„,.;^,V  to  be  lathatcU  not  being  very  gr.  it.  the  allowanci-  f..r  cu.lmR 


Shunt AViHiruJ  I 


ht  (  oiK  for  Larrc  Malur Machm«. 


I 


„„.n.l  t„  !..•  a>nrl.'  n,  ,Ma,t,....    Tl.is  nu-thod  of  winding  fuld  roils  uas 

.l...mlH.d  in  tlu.  ,.vvn,n~  .  -In,-..       .i...  1  k  an-l  k.^    m.  ,     ;  ' " 

„|,,,t.,l  where  the  amditiuns  .,1  v..-  do.ign  render  il  desnab.e.    Ihi  aiv-'r 
',„:  „f  su.  h  ...ils  when  c..,ni>!.  u  ly  wound,  but  before  bemg  mounted.  » 

in  I'if,'.  -4-  '-ik.n 
tii)ni  a  photugraph  t'l  two 
.  nils  constmcted  by  the 
r.iiii-h  Electric, il  En- 
Liiiurrinj,'  Cwiniiaiiv  i'>r  ;i 
lai^'e  multipolar  dynamo. 

In  conchulMifi  this  part 
,.1  thr  snbject,  we  .Ljivr  in 

-5  ini  illnstiation 
111,'  iiclil  maj^net  ut  a  lo- 
l„,l,  dvnamii  as  built  by 
thr  l-.lci  liic  Con-trnction 
Cnnipany.ot  \\  oh ciliaiiip- 
ton.  It  shows  Will  the 
,j„th,„l  by  which  the 
iua-nctisinj;  coils  are  held 

wi;;ch^:s!:o.nsU^       as     provide  po,.  ti,.  for  the  p,lar  face.  ..f 
t  '    ;.^  these  pole  tips  beiuR  raked  back  so  a^  to  w.lcn  ,  e  a,r  .ap  un, 
,  f,  ,  r.aso  .  1o  which  r,  s-rence  will  be  n.ade  preM  utly.    In   h.>  • .  ^c 
;.  K>  e,ula.,n.  .  .  V  ao  wound  over  the  shunt  n.ds.  and  m.t  s.-u  by 
,d..  a   in  Fi^.      .    u.e  .,„nu-.  nnu  ,  inductors  a,e  shown  pronnnentK 

.ttvt'ular^nachtne  of  whuh  th.  held  n.agnet  i.nns  a  V^J^^ 
u,        an  output  at  fuU  load  of  boo  kilowatte.      i..'oo  ann^cr.  -  at  500 


Fig.  ,4.- Field-Magnet  Coil,  Wound  with  Flat  Cow«  Strip. 
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volts,  when  run  at  280  revolutions  per  minute.   Further  details  of  field 

maf,'nct  design  and  constniction  will  be  given  in  connection  with  intcrpolai 
and  otlier  devices  for  dealing  with  the  armature  reaction  and  (or  iniproviuK 
commutation. 

III. — THE  MAGNETIC  CIRCUIT;  THE  ARMATURE 
The  general  plan  of  the  part  of  the  armature  which  is  intended  to  carry 
the  lines  of  force  from  pole  to  pole  of  the  field  magnet  offere  far  less  variety 
to  the  designer  than  the  details  of  the  field  magnet  part  of  the  circuit.  In 
most  continuous  current  machines  it  consists  of  a  hollow  cylinder  built 
up  with  laminated  iron  discs,  and  the  chief  differences  between  various 
designs  relate  either  to  the  arrangements  made  for  receiving  the  copper 
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nin  lurtors  or  to  the  partinilar  method  adujiled  for  transferring  in  a  pood 
111! .  luinii  al  matiner  the  driving  torqne  from  the  axle  to  the  iron  «hscs. 

It  will  1)0  most  ((iiut'iiit'iit  to  di  al  lit  io  witli  tin-  fiv-t  n|  tli,".("  details,  as 
it  enters  directly  into  the  ma,i,'netic  jiart  of  the  proMem.  and  to  jiostjM'ne 
n  il  rence  to  the  other  points  to  the  section  de.ilinf?  with  "  mechanical 
diMil-."  For  this  jnirpose  ordinary  ring-  or  drum-winmd  armatures  may 
l.c  i.leil  into  those  with  (a)  smooth  cores  and  (li)  slotted  cori-s.  A  third  class 
(  ).  in  \vl:i<  li  tiie  ci>i)i>er  conductors  are  buried  in  the  iron,  is  usiiallv  applied 
t  1  (Ir  ini-wound  armatures  only;  such  cores  are  known  as  iiinndh'd  cores. 

{d)  Smooth-Core  Armatures.— The  early  form  of  Gramme  armatuie 
(F  i,'.  4(14.  Vol.  I.)  was  of  this  type,  the  core 
con>!stin,i,' of  a  cylindrical  ring  of  iron  wires. 
Such  a  form  of  core,  though  magnetically 
1)1 -t,  hei  aiise  of  the  more  perfect  lamina- 
tion, and  more  especially  for  ring-wound 
annatuies  of  short  axial  knf^th,  is 
nii(  lianically  weak  and  difficult  to  drive 
satisfactorily  when,  as  in  modem 
inai  bines,  vei\-  considerable  torques  have 
to  be  provided  fur.  Except  for  very 
small  machines,  therefore,  it  is  now  the 
(  ii-tom  to  use  thin  sheet-iron  stampings 
lit  lonns  somewliat  similar  to  those  in 
Vk.  2ii.  The  sheets  used  are  frequently 
ol  good  wrought  iron,  of  the  quality' 
known  as  charcoal  iron  or  of  mild  steel, 
in  eitlier  ta-e  of  liii^'h  magnetic  prrme- 
aliility.  When  the  diaiueter  is  not  too 
1  iige  to  make  the  waste  important,  or 
will  n  the  waste  pieces  tiom  the  middle 

tan  1h-  used  for  stanipnigs  for  smaller  machini*s,  each  stamping  consists 
ot  a  complete  ring  similar  to  .\.  The  stamj)ed  nn^  lia-^  usnally  some 
pros  ision  for  driving  ;  in  ihe  figure  three  equidistant  notches  are  shown, 
into  which  the  arms  of  a  driving  spider  will  be  fitted  when  the  core  has 
been  built  up.  Sometimes  holes  thiough  wliiili  bolts  can  be  juissed  are 
used.  For  large  machines  the  stampings,  to  avoid  excessive  waste,  aie  m 
the  form  of  segments  of  rings  as  at  B  (Fig.  26).  Three  bolt  holes  ;iie 
~Iin\vn,  and  in  buildini;  uj)  the  core  from  the  stampings  care  must  l)e 
taken  to  "  bleak  joint  "  in  successive  la\ei—  in  other  words,  the  rathal 
lin.s  a,l>  must  be  enclosed  by  the  Hat  of  ihe  a.!ia.  <  nt  stanipin.c-  <in  eithtr 
-i.le:  if  this  precaution  Ik;  not  adopted,  the  hnLshed  tore  will  be 
mechanically  weak  at  these  joints. 

(h)  SlOtted-Core  APin«turw.— The  ewrliest  example  of  a  slotted-core 
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Suniping. 


Electricity  in  the  Service  of  Man 

armature  wa<^  Pacinotti'.  motor  (Fig.  561,  Vol.  I.)  constructed  in  1861. 
?hcre Tl  ul  doubt  but  that  Pacinotti  adopted  this  form  because  of  u 
e^e  w,'  h  wh.ch  the  forces  acting  on  the  .  ires  could  be  tr^^-^ 
rotating-  axle.   The  converge  reason-namely,  the  good  mechanical  tram 
erence  of   1  e  drivin.  torque  from  the  shaft  to  the  conductors-h^  e. 

constructors  to  adopt  the  slotted  armature  m  a  form  diffenng 
verv  widely  from  that  used  by  Pacinotti. 

'%o™ralready  setfor^^^  the  core  is  bu.lt     «  s  -p-gs 

fn^m  sheets  of  good  iron  or  mild  steel  of  high  permeabihty    There  is,  hov\ 
veT.  in  different  maclunes.  almost  every  possible  v-ety  °f  si^^^^^^^^^^ 
proportion  given  to  the  slots.    In  some  maclunes  they  have  ^^^^'^h^^^^^^^^^ 
sideV  varying  from  shallow  wide  slots  to  narrow  deep  one  .   J"  "^Jen,  tl 
mouth  of  the  slot  towards  the  pole  pieces  is  more 

the  space  to  which  this  narrow  opening  gives  acc^  the  ^f^^J^^^^ 
or  deep  chamber,  the  sha^e  of  which  differs  widely  m  different  machmes. 


Fig.  17- 


:  Few  Commoa  Farm*  of  Annatun  bloit. 


Some  of  the  shapes  of  slots  in  most  common  use  are  shown  diagrammatically 
in  Fi"  -7  In  K  there  is  a  simple  straight-sided  slot  somewhat  wide  and 
shallow,  whilst  in  b.  though  still  straight  sided,  the  slot  is  narrow  anc 
deep  Between  these  two  and  outside  of  tbem  in  both  directions  slots  an 
used  with  maiiv  different  proportions  of  width  to  depth.  an  inter 
mediate  kind  between  the  closed  and  open  slots,  c  is  a  slot  used  by  Sayers, 
the  wide  part  containing'  Ins  compensating  coils  and  the  narrow  part  hi- 
main  windini,'s.  In  D  the  slot,  whilst  still  rectangular,  is  nearly  dosed  by 
the  iron  projectini,'  over  it  and  leaving  only  a  narrow  opfnmg,  whilst  m 
E  the  nea.lv  .losed  slot  lias  semi-circular  ends.  A  tunnelled  hole  very 
similar  to  e'.  but  with  the  opening  comj.letely  .  losed,  is  shown  at  f  ;  the 
iron  towards  the  pole  face  closing  the  slot  is,  howexer,  much  less  subslanf  lal. 
At  G  is  shown  a  form  of  slot  used  by  the  Crocker-Wheeler  Company  lur 
motors  •  this  slot  is  j.artiallv  but  uns>-mmetrically  closed.  It  js  scarcely 
necossarv  to  jioiut  out  that  ^lots  similar  to  D.  E  and  g  tend  by  then-  shape 
to  hold  the  conductor  in  their  places  and  to  counteract  the  effects  oi 
centrifugal  force.  A  few  ordinary  forms  of  stampings  for  slotted-corc 
armatures  are  shown  in  Figs.  28  and  29.   In  Fig.  28  j  and  K  are  stampmgs 


Armature  Stampings 


35 


witli  open  rectangular  slots  similar  to  a  and  b  of  Fig.  27,  though  with 
(lillcrent  ratios  of  breadth  to  depth.  The  stamping  M  has  also  slots  which 
iiv  jiriu  tii-.ilty  rectangular  and  are  quite  open;  but  it  will  bo  noticed  that 
the  ends  of  the 
teeth  are  under- 
,iit,  tlie  object 
luiiif;  to  provide 
^Tocves  in  the 
lini>lied  core  into 
which  wooden  or 
other  wedges  can 
be  driven  after  the 
coi)[ier  windings 
have  been  placed 
in  the  slots,  in 
order  that  these 
windings  may  be 
jirevented  from 
Hying  out  radiallv 
from  the  o- 
slots  wher  j.x 
armature  is 
ning  with  a  i: 
velocity.  In  x'"ig. 
2()  v  and  r  are  two 
stanii)ings  in  the 
foiin  of  segments 

of  rings,  the  slots  being  open  and  rectangular.  These  arc  standard  stain]nngs, 
supplied  to  dynamo  manufacturers  by  Messrs.  J.  Sankey  and  Sons ;  they  are 
for  large  machines,  and  are  similar  to  the  smooth-core  stamiiing  h  in  Fig.  26. 

Fig.  19.— S*g»eirt  Stunpbwt  for  Solted-Oire  Atimtnte*. 

It  is  instructive  and  important  to  notice  how  the  sharp  cur^•ntnrp  of  the 
armatures,  for  whi.  h  the  stampings  j.  k  and  M  of  Fig.  28  are  mtended. 
necessitates  a  very  perceptible  narrowing  of  the  teeth  at  thetr  bases.  This 
narrowing  appreciably  increases  the  flux  density  and  lowers  the  permeability 
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at  the  base  of  the  teeth  when  the  machine  is  fully  excited.  On  the  other  hand, 
in  the  segmental  stampings  of  Fip.  2g  the  teeth  as  well  as  the  slots  are  prar- 
tirally.  tliotigh  not  (jiiitc,  roctan^,'.il;ir.    Otiior  ('\ain]ilt-;  of  the  sliaprs  of  slot 
in  artiial  use  will  occur  in  connection  with  illustrations  of  particular  machino. 

(c)  Tunnelletl-COre  Armatures. —These  scarcely  need  separate  con- 
sideration, for  as  regards  mechanical  details  they  arc  tli(-  toothed  armatures 
with  the  faces  of  the  teeth  ovcrlappinR  until  tlicy  meet  and  close  up  tli'' 
slot  CO  ,ipletely.  In  Fig.  27  F,  a  diagrammatic  sketch  of  one  of  thes 
holes  is  .i;iven,  and  in  Fig.  2S  i.  shows  an  actual  stamping  for  a  tunnelled-corc 
armature  in  which  the  thinness  of  the  iron  which  closes  up  the  slot  should 
he  noticed.  \Mien  buildini,'  uji  tli(>  core,  the  holes  if  already  stamped  must 
be  placed  accurately  in  line,  and  even  then  may  have  to  be  tooled  lieforc 
the  insulating  lining  and  the  con<hictMrs  are  introduced.  Another  but  more 
costly  way  of  attaining  the  desired  result  is  to  build  up  the  core  with  plain 
sheets,  and  then  drill  out  the  necessary  holes. 

Smooth  ; .  Slotted  or  Tunnelled  Cores.— We  can  now  examine  briefly 
the  reasons  for  the  great  variety  shown  in  the  construction  of  what  is 
initially  sn  simple  a  thing  as  the  core  of  a  continuous  current  dxTiamo. 
It  may  be  i)remised  that,  since  most  of  the  forms  referred  to  are  widciv 
used,  there  is  no  overpowering  reason  for  the  use  of  one  rather  than  another. 
In  fact,  they  each  represent  a  compromise  of  conflicting  conditions,  and, 
according  to  tlie  special  circumstances  of  t,.,^  case,  sometimes  one  form, 
sometimes  another,  is  adopted  by  a  dynamo  designer. 

Slottrd  '.ncl  tumielled  cores  have  two  great  advantages  over  smooth 
cores.  In  the  first  place  the  non-magnetic  gap  in  the  circuit  is  diminished 
by  bringing  the  iron  of  the  core  more  or  less  near  to  the  iron  of  the  pole 
piece.  This  adxanfaqe  ohviou'-ly  diminishes  as  the  flu.x  increases  and  the 
teeth  become  saturated ;  but  even  at  high  densities  in  the  teeth  their  per- 
meability is  still  much  greater  than  that  of  the  neighbouring  non-magnetic 
materials.  The  second  great  ad\antage  is  the  positive  driving  of  the  con- 
ductors in  tiie  slots  or  tunnels,  for  it  is  clear  that  the  driving  force  can  be 
more  readily  transmitted  to  a  conductor  Ijing  m  a  slot  in  the  core  than  Id 
one  lying  on  the  outside  of  a  smooth  core.  Not  only  are  the  conductors 
better  placed  for  driving  purposes,  but  being  screened  magnetically  by  the 
teeth  the  forces  acting  on  them  are  less,  the  greater  part  of  the  drag  being 
taken  up  by  tne  core.  V\'e  ha%  e  seen  (page  592,  Vol.  I.)  that  the  force  acting 
on  a  current-carrying  conductor  placed  in  a  magnetic  field  dcjx  iuls  ujwn  the 
intensit\-  of  the  field.  In  a  slotted  armature  the  greater  part  of  the  flii.x 
passes  through  the  teeth,  and  less  and  less  through  the  slot  as  the  latter 
becomes  more  and  more  closed.  Consequently,  although  the  full  currents 
are  flowing  through  the  conductors,  the  forces  acting  on  the  latter  arc  not 
so  great  as  in  a  smooth-core  armature,  in  which  the  whole  flux  passes  throufjh 
the  active  wires. 
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As  minor  advantages  may  be  mentionetl  tli."  fact,  due  to  the  cause  just 
named,  that  the  endency  for  the  formation  of  eddy  currents  (sec  paRc  do) 
111  111!'  coiuhirtoi'S  is  so  (liininisliod  that  in  funndliil  ainiatuns  solid  iin- 
Idininated  bars  of  coppi"  can  be  used.  Further,  airaii,i;ements  for  venti- 
lation can  be  more  easily  made  in  slotted  armatures,  and  the  armature  is 
kept  Cf)oler  because  of  the  extra  radiatini,'  suitace  of  the  tcftli. 

On  the  other  hand,  the  teeth,  as  they  swoi'p  past  the  polar  face,  cause 
oscillations  of  the  inaj^netie  flux  in  the  iron  near  the  smlaie.  Im^,'.  30 
shows  in  a  rough  diagrammatic  way  how  the  lines  in  the  jwle  piece  pp 
tend  to  crowd  towards  the  nearest  teeth  T  T  T,  and  to  be  less  dense  opposite 
tin-  slots.  The  actual  disturhaiico  of  the  tlux  in  tlic  polo  shoe  is  more 
accurately  shown  in  Figs.  43  and  44,  page  57,  in  which  the  real  dis- 
tribution of  the  lines  is  depicted.  This  fluctuation  of  the  magnetic  lines 
will  give  rise  to  eddy  currents  in 
solid  pule  faces,  and  a  consequent 
loss  of  ener.i^y.  Hence,  in  some 
modem  dynamos  ths  pole  faces  are 
laminated,  and  in  others  {see  Fig.  17) 
the  whole  matrnet  core  is  laminated. 
The  losses  due  to  these  eddy  currents 
may  also  be  diminished  by  increas- 
ing the  number  of  teeth  and  by 
shaping  the  outer  end  of  the  tooth 
so  as  to  overlap  the  slot. 

Also  in  toothed  armatures  the 
coils,  being  well  imbedded  in  iron,         fi^.  30.— Effect  of  Tcelh  on  Pole  I'lui. 
have  greater  inductance  than  similar 

cciils  on  smooth  cores ;  in  consequence,  sparkless  commutation,  as  we 
shall  see  presently,  is  not  so  easy.  As  minor  disadvantages  may  be  men- 
iioned  that,  on  account  of  the  hif,'h  flux  density,  >e  hj'steresis  loss  due  to 
the  n  ■  crsiils  of  the  iiiat;netism  in  the  teeth  will  b.  greater,  anil  there  will 
Ix:  ini leased  leakage  through  the  ci  re  outside  the  windings,  the  latter  more 
especially  in  tunnelled  armatures.  This  increased  leakage  tends  to  diminish 
the  gain  obtained  by  the  lessening  of  the  excitation  ampere-turns  due  to 
till'  lower  reluctance  of  the  air  ga]i. 

In  general  therefore,  we  may  say  that  for  traction  dynamos  and  motors 
the  advantages  of  the  slotted  core,  under  the  conditions  of  working,  far 
outwcii,'!!  its  disadvantages,  and  it  is  utiivci'-alh'  used.  At  the  other  end 
of  the  scale,  for  low-voltage  machines  with  heavy  currents  to  commute,  the 
disadvantage  of  the  high  inductance  of  the  slu^rt -circuited  coils  in  the 
slotted  cores  causes  the  preference  to  be  given  to  the  smooth  core  by  many 
manufacturers.  Between  these  extremes  each  case  has  to  be  dealt  witli 
on  its  naerits. 
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Lamination. — The  reasons  why  the  core  of  the  armature  of  a  continuous 
current  dynamo  should  be  laminated  have  already  been  given  {see  page  400, 
Vol.  I.),  and  it  has  Ijecn  pointed  out  that  the  laminations  should  Ix"  "  at  ripl  t 
angles  to  the  currents  in  the  coils,  and  parallel  to  the  direction  of  motion." 
For  drum-wound  armatures  or  for  ring-woimd  armatures  in  which  the  length 
parallel  to  the  axis  is  at  least  several  times  the  radial  depth,  these  con- 
ditions are  attained  by  using  thin  discs  of  metal  of  the  proper  shai  ^ 
threaded  upon  the  axle  and  lif^litly  insulated  from  one  another.  But 
when  the  rin,i,'-wound  armaliire  is  short  compared  with  its  radial  depth, 
so  that  when  woun<l  it  approaches  the  shape  of  a  disc  and  therefore  has 
the  longer  length  of  the  conductors  radial  instead  of  jiarallel  to  the  axis, 
it  is  ob^nous  that  the  laminations  should  be  as  nearly  as  possible  in  con- 
centric cylinders.  This  can  Ix;  attained  by  building  up  the  core  with  sm  - 
cessive  layers  in  the  form  of  narrow  hoops  or  ribbons  of  iron.  A  well- 
known  example  is  the  core  of  the  Brash  arc-lighting  machine,  already 
illustrated  (sv  Figs.  468,  460,  470.  Vol.  I.).  In  the  Mordcy-\'ictor  ? 
dj-namo  also  (see  Fig.  509,  Vol.  I.)  the  laminations  are  circumferentiixl 
instead  of  radial  for  the  same  reason. 

In  order  that  the  eddy  currents  which  may  be  set  up  within  the  in  n 
sheets  should  be  negligible,  it  is  essential  that  the  sheets  should  not  be 
too  thick.  .At  the  same  time  it  is  merhanically  necessary  that  they  should 
have  a  certain  amount  of  rigidity.  These  conflicting  conditions  are  adjusted 
by  using  sheets  of  from  ^  to  i  millimetre  in  thickness,  or,  in  English  measure, 
from  20  to  40  mils*  thick.  To  increase  the  stiffness,  the  two  outside  discs 
are  often  thicker,  say,  from  150  to  190  mils,  though  in  some  cases  they  do 
not  exceed  50  mils. 

Since  the  E.  M.  F.'s  which  tend  to  drive  currents  across  the  laminations 
are  quite  small,  only  very  moderate  insulation  is  necessary,  and  since  the 
insulating  material  is  usually  non-magnetic  it  is  important  to  reduce  the 
space  it  occupies  to  a  minimum,  for  the  laminations  lie  in  the  direction 
of  the  magnetic  flux,  and  therefore  occupy  \cry  valuable  space.  The 
materials  generally  used  are  either  varnished  paper,  thin  enamel,  japan, 
oxide  of  iron,  asbestos  paper,  etc.  The  oxide  which  forms  on  the  surface 
during  annealing  is  relied  upon  by  some  manufacturers,  with  only  the 
addition  of  a  sheet  of  paper  every  four  or  six  plates.  The  amount  of 
magnetic  space  occupied  by  the  insulation  depends  on  the  material  used 
and  the  thickness  of  the  core  discs.  It  varies  from  about  5  per  .ent.  with 
oxide  of  iron  to  about  20  per  cent,  with  enamel  if  very  thin  discs  are  used. 
In  the  latter  case  the  space  occupied  by  the  non-magnetic  insulation  is  a  very 
appreciable  fraction  of  the  whole  cross-section 

Apart  from  the  armature  cores  it  is  desirable,  in  most  cases,  that  the 
Other  iron  parts  of  the  magnetic  circuit  of  continuous  current  dynamos 

*  One  mil  m  rAttli  i"*^ 
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should  ho  of  solid  iron.  This  has  the  effect  of  8tcad\  in?  Iho  niaijnelisinR 
current,  and  therefore  the  maLjnetisni,  since  whenever  the  tlux  bei^-ins 
to  change  "  eddy  "  currents  will  be  set  up  in  the  mass  nf  the  non,  and  these 
v\ill  retard  the  change.  It  is  instructive  to  note  the  length  of  time  which 
ir  takes  a  massive  field  magnet  to  "  unbuild  "  when  a  large  machine  is  bt>ing 
put  out  of  action. 

In  some  cases,  however,  esiKcially  in  connection  with  sparkless  coni- 
mntation  and  where  rapid  changes  of  load  have  to  be  provided  for,  it 

i-  (onsidered  de- 
siiable  to  lammate 
the  pole  pieces  ; 
and  in  multipolar 
machines  the  cores 
of  the  magnetising 
coils,  when  these 
arc  continued  to 
form  the  poles,  are 
also  frequently 
laiiiinatod.  In 
lurlio  -  dynamos 
t  vdi  the  yokes  are 
sometimes  lamin- 
ated. Examples 
liave  been  already 
civen,  and  we  shall 
return  to  the  sub- 
ject again  later.' 
It  is  perhaps 
needless  to  point 
out  that  the 
magnetic  desira- 
bility of  a  solid  core  and  yoke  much  simplifies  the  mechanical  construc- 
tion. 

Ventilation.— Since  heat  is  generated  in  the  conductors  of  the  arma- 
ture at  a  rate  depending  on  the  resistance  and  the  square  of  the  current, 
and  since,  because  of  the  reversals  of  magnetisation,  further  heat  is  gener- 
att  d  in  the  iron  core  by  hysteresis  at  a  rate  deix>nding  on  the  speed  and  the 
quantity  and  quality  of  the  iron,  it  is  necessary  to  piovide  eflu  ient  means 
for  disposing  of  tliis  heat  by  radiation,  convection  and  conduction  if  the 
tt  miH-rature  of  the  armature  is  to  be  kept  within  reasonable  limits. 

In  fact  the  facilities  for  getting  rid  of  this  heat  determine  largely  the 
load  the  machine  can  carry.- 

In  slotted  armatures  ventilating  ducts  are  provided  at  intervals  whoi 


Plg.  31,— Unwound  Multipolar  Aimatuie,  uritli  oompleted  CommuUtor. 
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building  up  the  core  discs.   They  app  ar  in  most  of  the  figures  of  armature 
whichV^iven  in  these  pages,  hat  attention  may  ^l-^ 
Fi«   122,  .n        h  two  surh  vont.!  it.ng  rmgs  are  dearly  Vixbk.  being 
fo^^ed  hy  plaun,  s.nall  ^ance  pieces  at  i-tervajs J^tween  t^.  d^. 

ture  carcase  nady  t" 
receive  the  winding- 
is  illustrated  in  Fig.  31- 
in  which  four  such  an- 
nularvvntilating-itac'-- 
appear.    These  ^pace^ 
are  crossed,  and  there- 
fore to  a  riTtain  ex- 
tent  closed,    l)y  the 
copper  condiu'ters,  but 
this  is  no  disadvan- 
tage, as  the  cold  air 
rusiiing  past  the  lu  ated 
conductors  tends  to 
keep  them  cool.  For 
other     examples  ot 
ventilating  ducts  the 
reader  is  referred  to 
Figs.  567,   5g6,  597 
and  618  in  Vol.  I., 
Mu\  (Jtlier  figures  in 
^  which  armatures  ap- 
pear   later    in  this 
volume. 

The  ventilating 
ducts  are  also  well 
shown  in  Fig.  32, 
which  is  a  half-section 
through  a  magnet  pole 
and  the  armature  core 
of  a  dynamo,  built  by 

ric  «.-LonBituainll  Section  ihrough  a  Magnet  Pole,  Armature  and  Shaft,  ,]  .  Internatioil.d  Elec- 
*  .howing  Ventilatinit  D»ct«  and  Armatui^.  ,..;„, 

trical  Kngiuecring 

Company.  The  core  plates  p,  r,  have  an  axial  length  of  13-5  '"dies,  and 
the  ducts  are  less  tiiart  .5  in<  h.-s  apart.  The  drawing  also  shows  how 
the  plates  aie  clamed  on  the  driving  spider,  on  which  tl.ey  also  key. 

In  order  to  construct  these  radial  ventilating  ducts  some  form  of 
distance-piece  is  necessary  to  hold  the  core  plates  apart  on  eitlier  side 
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,f  the  duct.    Much  inRcnuity  has  hc.  n  shown  in  .1.  m.muuk  thrso  .hstan.  o- 
,    whirl,  usually  take  the  form  of  attachments  I.,  or  i.i..j,cti.Mis  In-ni 
,utc  r  staminng  than  the  ordinary  core  plati-s.   One  of  these  arranR.!- 
,„rnts  designed  by  Messrs.  Mavor  and  Couls.,n,  is  A^n^^n  m  F.l:  33;  »»»« 
"rofarlthin  tubes  of  sheet  inm  pUucd  Inlnn.!  .a.  h  ...o,h  ..f 
,  stout  cor.- plate,  and  projecting  radially  inwards. 

In  ill  tli.-i-  ca-cs  tlu'  hut.-  rotation  of  the  armature  will  exiK'I  air  l.y 
,,u,nlugal  action  from  the  ducts  at  the  .ircumferenc-,  the  place  ..f  the 
lied  air  being  necessarily  taken  by  col.l.r  a.r  drawn  ,n  tl„o,,^.  he 
spares  at  the  ends  of  the  armature.    I»^"jal  ch-cls  parallel  to  llu 
,ixlf  are  provided  in  stump-  '  ^ 

incs  K  and  M  of  Fig.  28. 
TIh  v  arc  intended  to  allow 
ii.i  tiic  passaRf  of  cold  air 
irom  tlu;  ends  of  the  arma- 
ture to  the  intermediate 
n.dial    ducts.     N<)  such 
lM>sa,i,'('s  a'e  provided  in 
stampings  J  and  L  of  the 
same  figure,  and  these  pat- 
t,  riis  of  stampings  should 
till Ti  toro  only  be  used  for 
siii.illcr    machines.  The 
l,,ngitudinal  ducts  are  not 
shown  in  Fig.  33.  which 
is  an  illustration  of  the 

(li-tance  pieces  only;  but   

it    must    be  understood 

rig.  3J.— Cow         »l>h  D»s«»K«  Pi«»- 

-^LrC^s  to  be  taken  of  the  celling  e«ect  of  radial 

.matures  tl.  — 
..isted  by       ™;;;f;JXetd  to  produce  a  (an  aet.on  tend- 

Z:::^^l£:'^l2^^el^^.,6^.    m Messrs.  Bmce  lVebhs  and 
S'l  dvi^amos  isr-  Plate  I.)  the  ventila.mg  duets  are  exceptionally  wide,  and 
m  them  r  p  aced  cast-iron  plates  w,th  rad.al  projections  on  bc-th  sides 
0    i   ped    hat  when  the  armature  revolves  they  act  as  an  blades  and 
hroutrh  the  <lu,  ts  on  to  the  conductors.    These  plates  are  keyed 
'  :  o    he  Ti  ng  Jder  m  exactly  the  same  way  as  the  cor.  discs 
I  Lth    hev  are  placed.    By  Uiese  mean>  tlu-  maelnne  either 
^  -noaa       .  ion,.  ,.noa  wiUiout 

getting  dangerously  hot. 
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In  smooth-core  armatures  the  coppt  r  comhu  tors,  in  which  a  lart' 
proportion  of  the  heat  is  Renerated,  are  better  exposed  to  radiation  ;  bti 

on  other  li.uid,  the  inm  rurc  is  more  rompN  tolv  (  ovitccI  in.  It  i  , 
therefore,  more  dittirult  to  uiiiinge  for  etft-ctivc  vvnlihition,  as  most  of  tli  - 
heat  has  to  be  radiateil  from  the  outer  surfaces. 

As  rrf?:ircN  wiiuhiif,'.  rinp-winding,  as  a  rule,  offers  greater  facilities  f<  i 
radiation  th.ni  (hiini-\vin<hiip.  and  therefore  may  be  worked  at  a  highi  i 
current  density.  It  must  not  1m'  overlooked  that  ho\\\  iron  and  coppt  i 
are  good  conductors  of  heat,  especially  the  latter,  and  that  therefore  tli 
heat  generated  in  them  in  the  interior  of  the  machine  is  rapidly  conducteil 
to  cooliT  and  more  i  x[)o>ed  parts,  where  it  <  an  l>e  lost  by  radiation.  In 
tliis  way  the  connecting  lugs  to  the  commutator  segments  are  useful  for 
cooling  purposes,  and  are  sometimes  so  shaped  as  to  drive  cold  air  again>i 
the  less  exposed  parts  of  the  armature. 

IV. — M.\r,NF.TIC  c.Ar  ri  f  .\TIO\S 

Further  Notes  on  Desigfll. — In  the  preceding  pages  the  broad  lines  M 
good  design  for  electro-magnets  have  been  sufficiently  dwelt  upon  (see  page^ 
3J0  and  41)8.  Vol.  I.),  and  in  applying  these  to  the  mas^netic  circuit  of  a 
dynamo  it  is  only  necessary  to  point  out  that  it  is  very  essential  that  tluy 
should  Ix'  adhered  to  as  closely  as  possible,  and  only  departed  from,  how- 
ever slightly,  when  some  decided  advantage,  either  mechanical,  financial 
or  otherwise,  can  be  clearly  obtained.  Put  shortly,  the  broad  rules  are 
that  flu;  ma.ijnetic  circuit  giving  the  required  fivld  in  the  gap  should  have 
a  minimum  reluctance,  and  should  admit  of  the  magnetising  anipere-tums 
encircling  it  in  such  a  way  as  to  lead  to  a  minimum  expenditure  of  energy 
in  maintaining  the  niai,'netising  current.  This  means  that  the  magnetic 
jiart  of  the  circuit  should  be  built  of  the  best  magnetic  materials,  that  it 
should  be  as  short  as  possible,  and  offer  a  large  cross-section  to  the  mag- 
netic flu.x. 

Materials. — In  those  parts  of  the  magnetic  circuit  in  which  space  is 
valnahlo,  it  is  desirable  to  obtain  high  permeance  in  as  small  a  conipajs 
as  possible.  In  other  parts,  considerations  of  cost,  both  of  materials  and 
workmanship,  may  be  allowed  to  influence  the  design  and  the  mkterial 
adopted.  Thus,  in  the  core  of  the  armature  of  a  continuous  current 
dynamo,  good  Swedish  charcoal  wrought  iron  was,  in  the  early  days  of 
dynamo  development,  used,  as  requiring  the  smallest  amount  of  material 
for  a  given  flux.  If  the  design  required  small  pole  pieces  they  were  also 
sometimes  made  of  this  material,  which,  however,  had  to  be  forged  to 
shape,  as  it  could  not  be  cast. 

For  modern  dynamo  work  the  premier  place  is  now  held  by  mild  cast 
steel,  which  (see  Fif.  253,  Vol.  I.)  at  high-flux  densities  is  more  jjermeaWe  than 
soft  wrought  iron.  For  manufacturing  purposes  it  has  all  the  further  advan- 
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of  a  ni.  tal  wliidi  t  an  b«>  ca^t  to  any  rtrslrrd  shape,  thm  IfwnmR 

,,n.t  of  pnxliK  tiiin  a-  (dnn)anil  with  a  inefal  \v1ii(h  .  an  ciilv  l>f  wmktd 
inrging  or  t.M)linR.     It  is  also  tlK-aix-r  than  la-t  ii..n.  l.vit  is  not  so 
I  iiiMini  in  its  mafinctic  properties.    It  is  nearly  pure  iron,  and  <.li(.ul<l  not 
:  ■      iiiMi.  than  from  0  2  to  0  25  p<  r  (vnt.  of  carbon,  whiih  reduces  the 
,  ,1111  ahihty  by  diminishinK  the  maun,  tir  continnifv.     It  also  ustially 
„>ntains  manRanese  (o-.i  f"  o-()  per  ifiit.).  and  nui.  li  Miiall.r  .itiatitn  as 
1    ,i„  on  snlphui,  ami  phosphorus.    It  is  largely  U'^id  l..r  the  cons  ..f 
,  I,  ctio-mai,'ncts,  wh.  n-  hi^h  permeability  is  a  desideratum  as  reducing  the 
.  ross-secti.m  and  .iHowiim'  tiic  h.m  .>ssarv  anip.  ic-tnins  to  U  obtained  with 
I  l.'^s  expenditure  of  copper  and  energy.    This  material  .  an  als..  be  prt.- 
1„,  .  (1  in  the    rm  of  rolled  sheets,  and  is  therefore  used  lor  the  cores  of 
.,,1  ituri'^.    l-aitlii-r  numeriral  data  relating  to  it  will  be  found  on  page  5I. 
For  heavy  yokes  and  pt)le  pit  as,  where  lij^'htness  is  not  essential,  but 
v.TV  often  the  rcveree.  good  cast  iron  is  used.    Its  pernioability  is  inci.  a^  tl 
hx  adding  a  small  percentage,  about  4  to  6  per  cent.,  of  aluminium.  Another 
aluminium  allov  of  iron  known  as  "  mitis  "  metal  is  sometimes  used ;  it  » 
made  by  adaing  sm.iU  quantities  ..f  aluminium  to  s.  lap  wrought  non  melted 
in  a  crucible.   The  wrought  iron  is  thereby  rendered  thud,  and  with  care 
M,und  castings  can  be  obtained.   Its  permeability  is  about  the  same  as 
that  .)f  ordinary  good  cast  iron. 

Shape.— Tlie  general  considerations  to  be  kept  in  view  in  dcsignmg  the 
y.  nmctrical  shape  of  the  magnetic  circuit  have  just  been  dealt  with,  and 
need  not  be  further  discussed  here. 

Excitation.— The  chief  problem  presented  by  the  magnetic  circuit  of 
a  dynamo  machine  is  the  finding  of  the  number  of  anip.-re-turns  of  cxcifaf  ion 
necessary  to  produce  a  given  flu.\  of  magnetic  hties  across  the  gaps  m  which 
the  conductors  revolve  between  the  pole  pieces  and  armature.  The  i: .  m.  f. 
set  up  in  the  umature  of  a  bipolar  dynamo  s  {see  page  513,  Vol.  I.) : 


»(  Z  N 


rMially  K  and  n  are  fixed  by  the  conditions  of  the  main  problem,  and  there- 
lore  we  have 

E  X  10* 

r  —  *^ 


ZN 

M 


Assuming  that  z,  the  total  number  of  active  conductors,  has  afeo  been 
fixed  by  other  considerations,  we  hayc,  finally 

N  =  ^'^-i^  maxwells.*  (i) 


n  z 


To  fake  a  concrete  example,  suppose  tliat  a  bipolar  dynnnio  is  1.)  give 

•  Ky  the  International  Cngrcss  held  in  Paris  in  1900  it  w.is  duci.k.l  that  tl,.-  total  number 
ot  lines  of  niatneiic  Hux  M.uuiU  be  called  50  many  -  mar.-.-  -.  !!r  ,  '  iii  !  -  now  <rf  Clerk  M«s«eU. 
who  did  so  much  to  advance  exact  ideas  concerning  magnetic  quantitio. 
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70  amperes  at  220  volts  when  \'v  \  „  .1  >  h.  i-.  A  r(>.\-(itMtiIi  ilt'ii'. 
lor  the  artnaturu  ri.'>i!it.uicf,  wiilu  -  ly,  j(>i  :ictivu  comiuttors,  iso  iji  ohia, 
and  we  then  have 

t  7,»  X  o       ^229  3  volts. 


whence 


E  =  _'-•<)  +  (-^  = 

=  " =  III  trsdl  nions  |H*r  second, 
z  ~  jtH)  ui  tiM'  I'liii'luctors  ; 


220- -2  10 

10  y  j*M) 


^ —  IB  6,370,000  maxwplb. 


and  the  numlier  of  ;im|  iTc-tn'  ^  |)n>vidf(l  by  thi*  cxritmR  cirmits  mint 
be  such  that  at  full  In. id  this  iiiiiiiIht  of  mai^m-tic  liiit's  is  dn.-  ii  acm,, 

tach  gi4>  between  a  pole  {)iece  and  tlie  arma- 
ture. 

Now  the  fumlamcntal  eijuation  nf  a  simple 
ma.;nctic  circuit  is  (.w  j  atjo  283,  V«h  \)  : 
4'r„ 


N  = 


M.  M.  F. 


_  l-2()a 

-  -  V  ^  (-•) 
amiR're-tums  ( 


Fig.  34 — ^Magneitc  Cm :u!t  of  ■ 
Uipular  Dynamo. 


X  -  \ 
whore  a  =  the  numlH-r  ^^\ 
pa.co  j8().  Vol.  I  ). 

Whtn  the  cm  uit  is  of  uniform  cross  section, 
as  in  the  case  of  a  continuous  ring,  we  have 
I  / 


X-    •  (3) 

and    •     '  al'  ulati.in  is  an  easy  one.  But 
the  case  ot  a  dynamo  machine  the  calculation 
is  complicated  by  the  fact  that  (i.)  the  various  parts  of  the  circuit 

arc  nut  uniform  citlii  i  in  n oss->i  rf i< 1  \  in  the  niagiu-lii 
inatciiaU,  aw<\  (ii.)  the  niagnt  tic  circuit  proper  .1  the  nia' 
in  a  till  ilium  (air)  the  permeante  of  which  is  hot  so 
neglifjible,  thus  giving  rise  to  serious  "  magnetic  leaJiage. 
of  which  cannot  be  left  out  of  account  {see  Fig.  476,  Vol.  I.) 

For  iustanc,  in  tiie  sinii)le  1  of  a  bipolar  smfM>th- 
dynamo,  given  in  outline  in  Fig.  j^.  Jie  magnetic  circu.t 
following  eight  distinct  and  separate  parts : — 

(1)  The  iron  (a  a)  .  f  the  n   ii.i'  '  re  con'. 

(2)  The  two  air  ,t,'a|)s  betwun     c  at  mature  con  : 
(.;)  riic  two  pole  pieces  \  and  - 

(4)  The  two  cores  (c  c)  on  which  iJie  magnetising 

wound. 

(5)  The  \  oke  Y  connecting  the  cores  at  the  ends  d; 

aruiatuie. 

In  addition  there  are  joints  in  various  paiis  of  the  circuit 


quality  of  tin 
nc  is  lounged 
.V  as  to  be 
the  existmce 

.  'mdertype 
on- lists  of  the 


he  [ 
ails 

ant  fr»M; 


Hopklnson-s  MP  nod.-Tl..  ni.        ..f       ins        ai-v-  oblein 

.11.  1)1.  John  fl"pkin-.ii  in  ^  <  1.i>m.  pap'  n  'Hh*  »>a.spd 
tin-  si-parate  calt  uUtion  of  tli.  imperp-tu  n«  =          >  ' 

tlti\  tliiiiiiL:li  .a.  h  of  th«'   li|{.  ;.'it  parts      tS.  itu 

,  A.  .    i""r  tlii>  piiip..-.'  wt-  'i..  '   ft   n  eciu.u        (2)  «h  *  cai 
lit 


a 

.  ''I. 


N  = 


In  .  pplytnR  this  formtila 


t!i;i 

I'l! 


Ill 
p.l 


the  valtu 

of  /I  Jopt^nds 

.  ;iml 

ronncciioii  be- 

n  tht 

li  m   to  be 

!    iim.'n;  "n 

iiial 

■  irnii 

.  (1.  th'- 

dli-  uAnt!.  fi! 

li  in 

■  ur^        4S  ;i- 

!  in  Fi 

^,  ;  \  '       .  aiii 

4.,  to 

i    intr.,.  The 

I,   i  f  I  avi. 

i  A     '\  a'-u  be 

t"  or  l-'^'i  in^ ' 

magnHii-  ■  . 
oil  *hi- 


(4) 

iial  it  must  be  remembered 
V  B      ^  )  of  the  magnetic 

A.- 


Armaturt  Calt-ijUutom. 

L<e  a  rompromise  mtist  he  made 

,>  (IdltMl  lino  n  ,  'csiiit-,  »'\<fi'!  in 
line  round  the  cm  uit.    shorter  or 


of  the  cimm    uid  where  tl.  *' 
•  an  valiMs  aUopt(  1.    In  Fi^; 
i.iture,  a  mean  path  of  a  magnt  t 
,      i.aths  t.n  1  be  traced  inside  or  outside  this  line,  but  a  calrulatton 
lii  assmno<i  '    '  in  tlie  f;aps  pole  pieces,  cores,  and  yoke  l!u-  /•-  T„ay 
lis  line  will  be  approximately  correct.    Similar  n  niaiks 
iue  of  the  cross-sectional  area  (a). 
now  the  calculation  in  detail,  lor  the  various  parts  (i)  to  (5) 
tic  current  sixcitied  abo\i\  it  will  be  convenient  to  denote 
the  quantiaesin  eat  li  part  by  atta(  hin.L;  sul)script  correspond- 
to  the  symlwls  used  in  equation  (4).   Thus  we  write  lor  the 


-asm 

to 

■  li' 


*      126  "  /i.  A, 

r„  lin.  .roximatc  values  of  I,  and  A,  we  draw  in  the  iron  a  line  /,  /,  (Fi.t;. 
•V  pi.  vl  ill  what  mav  be  regarded  as  a  kind  of  mean  position  lietween 
t'i„  iHR-^  whidi  pas.,  from  pole  tip  to  i>ule  tip  and  the  lines  which  tzje 
the  path  from  the  centre  of  one  pole  face  to  the  centre  of  the  other.  The 
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lencth  of  this  line  within  the  iron  may  Ix^  taken  f..r  /,.    For  the  area  ^ 
the  totS  cn..-.cctinn  of  tl.o  iron  on  th.  virtual  chamcter  A.A.^n,ay  I 
taken.    For  a  ront,'h  calculation  B  may  W  taken  as  the  value  of  1-^  at  th. 
cross-section,  but  for  more  carefnl  ^vork  it  must  be  remembered  that  B 
"Tis  on  th^  cross-section  at  .  a.    Havin,  decided  on  the  ^  alues  of  tl. 
InZZ  /.A.  and       the  value  of      can       calculated  for  a  su^en 
number  of  different  values  of  N  up  to  the  maximum  to  plot  the  curve  a 
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(Fic  36)  for  the  armature.  In  this  curxc  ampere-turns  (a)  are  plotted 
horizontally,  and  the  corresponding  total  armature  flux  N  vertically. 

The  use  of  the  magnetisation  curves,  Figs.  40  and  42.  to  obtam  tlie 
uniH  tv  turns  (..)  n(i„ire.l  in  any  part  of  the  circuit  is  simphfied  by  re- 
numbering  that  the  H  of  the  curve  corresp-^ndinp  to  a  given  value  ot  B  is. 
from  our  present  iK>int  of  view,  the  ampcre-tnrrs  per  centimet^re  length 
measured  in  the  direction  of  the  flux.  Having,  therefore,  read  off  Uie  H 
required  ft.r  the  ..articular  value  of  B  under  consideration,  it  is  only  neces- 
sary  to  multiply  this  value  of  M  by  the  value  of  /  in  centimetres,  and  the 
product  divi.led  by  i  i6  or  nudtiplie.l  by  o795  (  (4)1 

will  give  the  a  for  that  part  of  the  circuit. 

The  calculation  of  a,  for  the  air  gap  is  simplified  by  the  fact  that  ^, 
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,  f„r  all  values  of  B.    The  lenRth      may  be  taken  as  tw.c.-  t  ,r  la.luil 
.,1,  ♦  ol  11.0  Kai',  ^'ince  there  are  two  gaps,  one  on  ntlier  ...  ...  llu' 

\    will  be  the  cr<.s.-serlional  a.va  inrliulcd  within  the  p.lar  an^'le 
..alf.way  between  the  surfaces  plus  an  allowance  for  the  spreading  of 
lin,^  at  the  pole  tips,  technically  known  as  "  fringing /■    Since      -  i, 
,   ,  "  .  that  a,  vanes  directly  as  N.  and  we  get  a  straight  line  g  on  the 
,\ '  am  or  the  connection  between      and  N  for  the  gap.   The  low  s  ope 
,  ;'t-he  line  shows  that  we  are  here  dealin-  nith  a  part  of  the  c.mnt  w!n,  h 
a  much  greater  effect  on  the  total  value  of  «  than  the  core  of  the  a.ina- 

'  "  For  the  pole  pieces      can  be  calculated  in  the  same  .vay  as      for  the 
.cu  lture     The  length  of  the  dotted  line  within  the  pole  piece  m  I-it,.  34 
'  ,     lx>  taken  lor     and  a  fair  cross-section  at  right  angles  to  this  luu^  ma> 
.t.  for  A3,    ^reat  accuracy  is  not  necessarv'.  for  the  resulting  curve 
,s  so  close  to  the  vertical  line  as  to  show  that  the  reluctance  of  the  pole 
.„..c.s  does  not  have  much  effect  on  the  ampere-turns  required 
'     |//,..  o,r<-  Jor  Leakage.-ln  the  cores  c  c  (Fig.  34)  a  new  element  has 
,  .  1.'  introduced  into  the  calculation-namely.  the  effect  ..f  the  magnetic 
i,  ,ka.  e  to  which  attention  wa.  called  in  the  historical  section  page 
v..  Vol.  I.).   Since  the  cores  t  c  carry  the  magnetismg  coils  the  whole  of 
l,;iim-s  generated,  both  useful  and  useless,  must  pass  through  them.  Il.e 
uf  N  IS  therefore  greater  in  the  cores  than  it  is  in  the  armature,  ^ukI 
,.ii„wance  must  be  made  for  this  increased  value  m  calculatmg  he  corre- 
.nonding  value  of  B  and  the  value  of  ^  (or  H)  to  use  in  equation  (4).  Ihe 
,  u  ,  iH^ween  the  lines  through  the  cores  and  the  useful  lines  th.oug.i  the 
,„nature  is  usually  known  as  the  leakage  factor,  and  K  denoted  by  v. 
We  have  therefore  the  leakage  factor 

_  lines  passing  through  the  nuignet  cores 

"  useful  lines  through  armature. 

A  k.in.vledge  of  V  is  usuallv  arrived  at  theoretically  by  finding  appn.x- 
„„auly  the  tenncunccs^  of  the  different  leakage  paths  and  adding  them 
•  ...ether,  a  pre  .>s  bv  which  the  total  leakage  penneance  will  Ik.  found. 
|:v  comparing  this  with  the  permeance  of  the  armature  path  the  factor 
,a„  W  calculated.  A  practical  method  is  to  find  the  leakage  act-.,  b> 
,.,.,  ,iment  on  a  machine  of  the  tvpe  piopu^  .l  to  be  bui  t,  and  then  by 
ni.king  an  allowance  for  modifications  a^^uming  a  xalue  for  he  machine 
under  consideration.  A  small  error  in  the  value  adopted  will  not  much 
...  t  the  final  r.  snlt.  In  practice  the  value  of  r  van.*  from  about  1  10 
t,,  .  00,  but  for  many  usual  cases  it  lies  between  130  and  1-40.   The  last- 

•  ri,„  i,  ,.„1v        >  ,  «lKn  .hero  i.  n.  current  in  the  art^aturc  ;  under  full  load  *<^"''J» 
„L  .M.Vul.  I.^,a,Hl  ,he  value  of /.for  the  gap  .pace  must  l««|cre«scd&«-l 
,0  ,0  3a  per  cent.    1.  the  core  1.  .l,.Uc.l.  still  further  correctioo.  mwt  be  mUoduced. 
t  r«nacance  » the  rtcifm^  of  reluctance. 
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named  figure,  1-40,  would  mean  that  for  every  140  lines  set  up  on  the  cores 
only  100  passed  usefully  throuph  the  armature,  the  other  fortv  beinR  Irak- 
aqc  lint's.  It  is  this  ixccss  whidi  the  desitiiKT  aims  at  (liiiiinisliiiifj,  ai  d 
tiuiefore  the  quantity  (v  —  i)  bitonus  of  importance.  This  quantity  is 
smaller  for  large  machines  than  for  small  machines  of  the  same  type,  and 
less  by  20  to  50  per  cent,  for  toothed  or  tunnelled  armatures  than  for  smoc  th 
core.  Slow-speed  machines,  being  larger  for  their  output  than  high-s}X(  d 
ones.  lia\o  a  ie^s  leakage  factor  than  more  quickly  running  machines  01 
the  same  }X)\ver. 

Having  settled  on  a  probable  value  for  r,  and  using  n  v  instead  of  \, 
the  calculation  tor  the  cores  c  C  can  be  comjilcted,  and  the  (iirve  c 
(I'-ig.  ^())  drawn  on  th.e  same  lines  as  before.  The  yoke  Y  will  be 
similarly  treated  in  !he  curve  Y,  regard  being  had  to  the  lines  which 
actually  pass  through  it. 

In  this  way  the  ampere-turns  corresponding  to  various  values  of  \ 
(tlic  armatur(>  tlnx)  can  Ih'  calculated  for  eacli  jiart  of  the  mafjnetic  circ>iit. 
If  the  result  is  required  for  a  particular  armature  flux  of,  say,  N  maxwell? 
on  open  circuit,  the  figures  can  be  simply  added  together  as  in  the  followinp 
table,  which  gives  the  details  of  a  calculation  by  Dr.  Silvanus  P.  Thon.pson 
for  one  j.  )int  on  the  curve  of  a  21-kilowatt  overtype  dynamo : — • 


Part  of  Magnetic  Circuit. 

Material. 

MaRnetic '  M<iKnet)c 
lenKth   j  section 
(■)      1  (J) 

density 
(3) 

(.) 

(l'l">  1,1 

1.  Armatiiro  cure 

2.  Two  air  gaps  ..  ■  ... 

4.  Two  magnet  cores  . . . 

5.  Yoke  

Ir.in  .sli.nijiings 
Air.  cupper,  Ajc. 

Wrouylit  iror.   

II  II   

'.V9    i  Aor, 

2  21  ,  I,()10 

1 10  s  ,   5  :5  5 

17  S  656 

iS.Soo 

4..i7o 
l7.ix)o 

l4.3«o 

S7- 
3640- 
0-1 

161 

I.2I1; 
S.cxic 
7.U'- 

2K 

16,6117 


The  above  arc  the  details  of  the  calculation  for  the  flux  necessary  to 
give  an  e.m.f.  of  115  volts  at  normal  speed,  and  four  or  five  similar  calcula- 
tion- for  other  (lu.xes  will  enable  the  magnetisation  curve  at  no  h)ad  to  Ik: 
drawn.  This  is  usually  sufficient  for  practical  purposes,  but  it  is  alsD 
possible  to  follow  the  method  used  by  Dr,  Hopkinson,  by  which  cur\'e8  are 
drawn  connecting  n  and  the  am{)ere-turns  fur  each  part  of  the  magnet ic 
circuit,  as  in  Fig.  36.  In  this  diagram,  as  already  explained,  the  ampere- 
turns  re.juirt'd  for  excitation  art  plotted  horizontally  from  left  to  right, 
and  the  corresponding  values  of  the  flux  (n)  through  the  armature  are 
plotted  vertically  upwards  in  millions  of  maxwells.  The  curve  o  a  a  gi\ « 
the  ampere-turns  r.qiiired  fn  diivc  the  ii-eful  Ihix  thrm-gh  the  armature, 
the  bending  over  for  high  values  of  n  being  due  to  the  ma-netic  properties  of 
iron,  already  fully  discussed.   The  straight  line  o  c  gives  the  connections 

*  Ste  "  DyttaiBo  Electric  Machinery  "  (seventli  etliliuit),  paj^e  fiaj. 
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twcen  the  quantities  for  the  two  air  gaps.  As  these  arc  non-magnetic, 
;h<^  jiermeability  is  coiMtant  ( =  i)  and  the  line  is  perfectly  straight.  The 
,  -  ot  c,  ()  y  Y.  ami  o />  p  arc  for  the  magnet  cores,  the  >  (ikc,  and  the 
]„.Ic  j)icccs  respectively.  The  curve  occ  bends  over  most  rapidly  because 
it  is  in  the  cores  that  the  flux  densities  are  pushed  to  their  higlii'st  vahies. 
]  , .  obtain  the  total  effect  these  curves  must  be  added  horizontally,  and  they 
All!  then  give  the  cur\'e  0/T,  which  shows  the  excitation  ainpere-tums 
t    ihe  whole  magnetic  circuit  for  different  values  of  \,  the  armature  tlux. 

Careful  attention  should  be  paid  to  the  great  ir.fluence  of  the  reluctance 
,.f  the  gap  spaces  on  the  excitation  required.  This  influence  is  shown 
li. ith  in  the  table  and  in  the  curves.  For  the  particular  flux  (dr  which 
iiie  calculations  in  the  former  are  made  these  gaps  account  for  more  than 
4S  per  cent,  of  the  required  "xcitation,  and  the  cur\  es  show  a  .  imilar  pre- 
junderating  influence  until  the  flux  is  approaching  seven  mili;jn  max- 
wells. In  this  instance  the  gap  spaces  were  only  ,V 
Mich  from  iron  to  iron,  and  as  the  core  was  smooth 

•  copper  windings  had  to  be  packed  into  this  space. 
I  he  mechanical  clearance  was  thus  reduced  to  only 
3  inch. 

Multipolar  Excitation.— The  application  of  the 
al>ove  principles  to  the  case  of  multipolar  machines 
(Icics  iiot  present  any  dif&culty,  and  in  some  instances 
is  even  simpler  than  some  of  the  examples  met  with 
in  biptlar  work.  The  general  direction  of  the  flux  in 
a  multipolar  djTiamo  is  shown  in  Figs.  37  to  39, 
prepared  from  data  sup]died  by  Messrs.  Mather  and  Piatt.  Fig.  37 
i;i\(s  a  cross-section  of  thf  :"'n  between  the  poles  and  shows  also  the 
side  \iew  of  the  pole.  Ti  :  12  projecting  flanges  //on  either  side, 
and  the  cross-section  of  '  ■  i  <n  is  substantially  less  between  these 
tlaiiRcs ;  moreover,  at  each  p;  ^  .-cting  pole  the  iron  is  still  further  reduced 
1)\  a  hole  as  shown  by  the  dotted  line  a  a  a.  Figs.  38  and  39  give 
vn  tions  at  right  angles  to  the  shaft  through  two  r.djaccnt  poles,  and 
including  the  flux-carrying  part  of  the  iron  of  the  armature ;  the  same 
reference  letters  are  used  as  in  Fig.  37.  For  simplicity  straight-sided 
Kits  pre  shown.  Fig.  38  is  supposed  to  be  a  section  through  the  central 
part  of  the  field  between  the  flanges,  and  on  this  section  therefore 
the  whole  of  the  interpolar  flux,  as  shown  by  the  dotted  lines,  is  confined 
to  the  lower  part  of  the  yoke  ring.  In  Fig.  39  the  section  is  near  the  side 
and  through  one  of  the  flanges,  into  which,  therefore,  the  yoke  flux  between 
tlie  poles  spreads.  In  the  armature  near  the  gap  the  flux  is  confined  almost 
entirely  to  the  projecting  teeth,  and  very  little  of  it  passes  through  the 
slots  until  the  teeth  begin  to  get  saturated. 

With  a        idea  fA  the  genond  disttibtttkm  of  the  flux.  Dr.  Hofrfcni- 
S6 
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son's  method  for  the  calculation  of  the  necessar  xcitation  can  be  readily 
apfdied.  Using  the  principles  of  the  magnetic  cucuit  and  neglecting  leak- 
age, «e  oUain,  for  a  first  approximation,  the  following  general  equatkms  :— 

3if  =  ^Xi  + Vt)  +  Nx  2(X,  +  X,)  (I) 


4  M  

"  ""X,  +  X,+  4(X,+  \3) 

irtiere  M  =  magnetomotive  force  of  each  magnetising  coil. 
N  B  total  flux  in  maxwells  from  eacA  pole. 
X,  =  rehictance  of  armature  between  two  poles. 

X,  =  reluctance  of  each  air  gap. 

X,  =  reluctance  of  one  magnetic  core  (including  pole  piece). 
X4  a  reluctance  of  yoke  betweoi  polea. 

y 
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Besides  allowing  for  the  IrakaRc  factor  in  the  usual  way  it  »  obvioiis, 
from  T^d  39.  that  rart\.f  the  yc.ke  lx-hir.d  the  core  must  I. 
™rudS^n  X  Tnd  that  tt.e  teeth  ar>d  some  of  the  iron  of  the  armature 
under  the  pok  faces  must  be  treated  differently  from  the  iron  not  un.kr 
«  e  poles  The  appHcation,  however,  will  present  but  httle  difficulty  to  the 
reX  who  has  metered  the  prccedn.g  case  of  the  bipolar  machme 
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m.  4t_Peniieability  Carve  of  Mild  Cut  Stetl  (Annealtd). 
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Use  of  Magnetisation  Curves.-In  calculating  curves  similar  to 

those  in  Fig.  3(>.  the  magnetisation  and  permeability  airves  of  the  actual 
material  to  l)C  used  in  construction  should  be  obtained.  Some  such  cur^t■' 
were  given  in  the  first  volume  of  tliis  book  in  Figs.  252  and  253.  Sine, 
these  curves  were  taken  mild  steel  has  come  into  such  wide  use  for  dynamo 
field  magnet-^  tiuit  maimiac  I iin  ;.-  ;,a»T  j.ai>i  special  attention  to  the  detn^!- 
of  its  manufacture  in  order  that  the  product  may  be  magnetically  and 
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r,„  .  hanicallv  of  the  best.  In  Fig.  40  we  give  the  magnetisation  runes  an«l 
.,  1 ,  -  41  the  permeability  curve  of  a  sample  of  annealed  mild  cast  steel 
j  ,  „i,.^l,v  Ott.)  (;ruson  and  Co.,  of  MaRdeburR.  In  Fip.  40  the  4.  value 
,  1  H  h  Ls  been  taken  from  o  to  145.  and  then  diminished  and  revelled  m 
,i„.  usual  way.  To  show  the  hysteresis  loop  —  values  ..(  B  have  been 
'  \  tied  a-s  -I-,  with  the  corresponding  —  values  of  H  also  as  +.  The 
„,.ht-hand  curve  has  been  plotted  in  this  way.  ;  id  with  the  left-hand  curve 
uu  loses  one-half  of  the  hysteresis  loop,  the  total  area  of  which  corresponds 
f,.  a  dissipation  of  13.600  ergs  of  energy  per  cycle  per  cubic  centun.  tie  of 
,.,  ,ril  The  remanence  for  the  particular  maximum  magnetisation  em- 
,.i„ved  is  10,200  gausses,  and  the  retentivity  rg.  The  curve  rises  to  higher 
'dues  than  the  "soft  annealed  iron  "  curve  in  Fig.  -'32.  .md  at  H  -  5<'  B 
,  i(,  300  The  figures  from  which  these  curves  are  plotted  arc  given  in 
tl„.  annexed  table.  The  pemeability  curve  of  Fig.  41  should  be  careluUy 
rompared  with  the  pemieaWUty  curves  of  Fig.  252,  Vol.  I. 
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Mii.D  Steel 


B 

B 

¥■ 

+  1. 130 

1,240 

1  J 

2.610 

2,200 

■ 

3740 

2.790 

5.200 

3.3'o 

2 15 

7.040 

3,260 

27 

8,it)0 

3,010 

9,4,So 

2,54" 

1 1,160 

l,.S.V) 

12,440 

1,460 

13.1170 

1,120 

1>S  1 

I4,.S'0 

800 

24 -f 

15,120 

610 

15.710 

460 

,.,S 

16,250 

350 

'ij  i 
>2  7 

i6.(.So 

270 

17,150 

210 

17,810 

'5° 

18,250 

•3° 

B 

B 

1453 

+  18,250 

-  17s 

117  9 

17,830  ' 

2-2 

83-8 

17,220 

a  7 

627 

16,800 

37 

477 

16.410 

> ') 

34  7 

>■■'■> 

242 

i5.5'io  i 

1 1  9 

ir-8 

15.273  I 

iS  0 

11-8 

14,810 

24  3 

715 

14.220  j 

U-! 

32 

13,080 

4(i(> 

08 

11,320 

<n  '6 

0  35 

10,  s(>o 

,S2-2 

07 

8,590 

1175 

10 

7.3«o 

145  3 

I -25 

6,110 

>4S 

2.39° 

<-5S 

—  620 

-  3.420 
6,240 

7,6So 
9,240 

II.OIKJ 
12.410 

13,4f)0 
14.510 
15, 1  to 

15.710 

16. -'JO 

i6,6.So 
17,160 
17.8:0 
18,350 


The  table  on  page  48  sets  out  a  convenient  way  of  calculating  the 
„o-l.  ad  excitation.    On  inspection,  it  will  be  noticed  that  the  most  con- 
v.niont  form  in  which  to  prepare  the  magnetisation  curves  for  practical 
us,^  is  not  to  plot  B  against  H.  but  to  plot  B  against  H  x  o  7.,3.    I  'T  a  given 
V  line  of  B  it  will  then  be  possible  to  read  off  at  once  without  further  calcu- 
■  v,n  the  ampere-turns  necessary  to  drive  the  flux  at  that  density  throu  ,h 
I  ,Ji  centimetre  length  of  the  material  thr.>ugh  wi.ich  it  is  to  be  driY-n. 
hus  the  figures  in  column  (4)  will  be  read  oft  at  once  from  the  cuiac  when 
,  iV  uics  in  column  (-)  have  calculated.    Column  (5)  cm  then  be 

quickly  calculated  by  multiplying  together  the  correspondmg  figures  m 
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columns  (i)  and  (4).  The  change  only  neoesntates  altering  the  scale  of  tlie 
abscissae  or  horizontal  ordinates. 

To  emphaMse  this  point.  Fig.  42  givis  the  magnotisatidn  curves  for 
two  samples  i)f  magnetic  iron  produced  by  Messrs,  Joseph  Sankey  and 
Sons,  Ltd..  of  Bilston.  Staffordshire.    In  these  curves  the  abscissa  are 


Amptn  furits  ptr  Ctntimufru  Itnt/fh  efMoqnmttv  Cireait 
Pig,  4f.— MagiMliatioa  Curvet  of  Special  Magnetic  Iron. 

"  ampere-turns  per  centimetre  length."  measured  along  the  lines  of  magnetic 
flux.  To  obtain  the  \alues  of  H,  the  numbers  plotted  would  have  to  be 
multiplied  by  i  257.*  The  curve  marked  "  Lohys  "  has  reference  to  a  fine, 
soft  sheet-iron  sold  under  this  name,  whilst  that  marked  "  Stalloy "  is 
manufactured  under  the  patents  of  Messrs.  Hadfield,  of  Sheffield,  and  is 

•  If  the  curves  are  rcnuitcd  iii  liiilisli  (lui-ii}  unrl-,  irii_  \>.i:m.U  ordinatci  ;B)  ir.uit  be  v.:::.:-.' 
plied  by  6-45  «n«l  the  absciss*  by  a  54.  It  will  be  a  useful  exerdie  to  re-draw  the  curves  ta 
these  soklM. 


Impoktakck  or  Air-Gap  Rbloctancm  SS 

„,bablv  a  mild  low-carbon  steel.   The  exact  method  of  manufacture  is 
1  ,louslv  guarded  as  a  trade  secret,  but  its  good  magnetic  properties  are 
.  ,biblv  l.'i>;ay  due  to  the  heat  and  mechanical  treatment  of  the  matenal. 

weU  as  to  its  chemical  composition,  which  can.  of  course,  be  readily 
^Trtaincd  by  well-known  chemical  methods  of  analysis.  To  exhibit  more 
!,  irlv  the  magnetic  properties  at  low-flux  densities,  the  lower  parts  of 
,  1,,'  rurvcs  are  also  shown,  plotted  to  a  more  open  scale  of  abscissa. 

Air-Gap  Reluctance.— Attention  has  already  been  draNMi ,  in  connection 
wuli  the  detailed  calculation  tabulated  on  page  48.  to  the  large  proportion 
which  the  excitation  necessary  to  force  the  flux  across  the  air  gaps  bears 
,„  the  total  excitation  of  the  machine.  The  example  given  was  taken 
i.om  a  somewhat  old  type  of  bipolar  machine,  in  which  this  proportion  is 
much  below  that  which  it  attains  in  most  modem  machines,  and  moreover, 
,1,0  calculation  had  reference  to  a  point  high  up  on  the  magnetisation  curve, 
ulu  ro  the  air-gap  reluctance  is  relatively  less  important.  Without  giving 
lU  the  detaib  the  ioUowing  are  results  taken  from  another  example,  this 
lime  of  a  modem  six-pole  machine,  and  for  a  point  conesponding  to  about 
tiie  full  voltage  on  open  circuit.  The  figures  given  ate  for  one  pair  of  poles : 

Ampere-turns 

M.  Armature  core   .•      ••  ^^'^ 

16.  Two  teeth    ^'5 

2.    Two  air  gaps  4.^75 

4.  Two  magnet  cores   352 

5.  Yoke   -^^'^ 

S.307 

In  this  example  it  will  be  noticed  that  the  air  gaps'  excitation  instead 
„f  being  only  48  per  cent,  of  the  total  excitation  is  as  much  as  88  per  cent 
from  which  it  is  obvious  that  in  the  general  design  the  dimensions  assigned 
to  the  air  gaps  must  be  very  carefully  considered. 

Another  method  of  contrasting  the  numerical  difference  between  the 
non-magnetic  and  the  magnetic  materials  of  the  circuit  is  given  m  Fig.  42. 
in  which  are  drawn  low  down  in  the  diagram  two  sloping  Unes  c  c  and  w  m. 
The  lower  of  these  cc  represents  to  the  same  scales  as  the  uppermost  curves 
the  flux  in  the  air  gap  which  would  be  given  by  the  excitations  plotted. 
The  upper  Une  shows  either  (i.)  the  air-gap  flux  as  shown  by  a  more  open 
vertical  scale  on  the  .  .ght-hand  side,  corresponding  to  the  ampere  turns 
ner  cm.  (0-200)  scale  or  (ii.)  the  flux  measured  on  the  left-hand  scale, 
which  would  be  produced  if  the  horizontal  scale  (0-200)  represented  ampere 
turns  per  millimetre  length.  In  either  case,  the  contrast  is  very  strikmg 
between  the  flux  produced  by  a  given  excitation  in  magnetic  and  in  noo- 
magnetic  ip«tiiriahi 
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With  these  striking  statistical  differences,  it  will  be  readily  andentood 
that  the  roino\al  of  iron  from  tho  slots  of  a  slotted  armature  core  to  make 
room  for  the  wiiulings,  must  seriously  affect  the  reluctance  of  the  map"  .tic 
circuit,  as  it  must  materially  increase  the  reluctance  of  the  air-gap  sections 
v/hich  are  now  seen  to  be  the  most  important  in  the  whole  circuit. 

It  is  not,  however,  so  easy  to  see  how  an  exact  calculation  can  be  made 
of  the  t  xtra  excitation  requin  d  on  account  of  the  slots.  In  fact,  such  an 
exact  calculation  is  very  complicated,  and  the  full  consideration  of  the 
proMem  would  carry  us  far  beyond  our  limits  in  minute  details  without 
introducing  anything  essentially  new  in  the  broad  principles  involved 
A  simple  method  is  to  assume  that  all  the  flux  passes  down  the  teeth  and 
none  at  all  through  the  slots  ;  but  this  is  evidently  an  over-correction, 
especially  as  this  crowding  of  the  flux  into  the  teeth  must  materially  increase 
the  flux  density  in  them  and  lower  thdr  permeability  (s«e  Fig.  30),  thus 
increasing  the  relative  importance  of  the  alternative  path  through  the  slots. 

It  will  bo  noticed  that  in  the  examjde  on  page  55,  the  excitation  for  two 
teeth  has  been  given  separately  from  that  for  the  armature  core,  and  also 
that  this  excitation  is  nearly  double  that  required  for  the  armature  core  itself. 

Various  mathematical  rules  have  been  formulated  for  a  nearer  approxi- 
mation, for  which  the  reader  who  is  interested  should  consult  books  on 
dynamo  design.  We  shall  only  here  refer  to  a  very  striking  experimental 
method  of  handling  the  problem  devised  by  Professor  H.  S.  Hele-Shaw. 
The  method  depends  im  the  mathematical  analogy  between  the  steady 
flow  of  an  incompressible  fluid  such  as  water  through  a  circuit  in  which 
there  are  varying  frictional  retardations,  and  the  magnetic  flux  in  a  circuit 
of  varying  pi  rmeance  per  unit  length.  He  caused  differently  coloured 
streams  of  water  to  flow  side  by  side  between  two  parallel  glass  plates 
somewhat  close  to  :ether.  Between  these  plates  he  introduced  obstructions 
shaped  to  scale  like  the  air  gap  and  the  slots  of  a  dynamo,  and  in  designing 
these  obstructions,  he  aimed  at  increasing  the  resistance  to  the  flow  of  the 
water  in  numerically  the  same  ratio  as  the  air  ga  >  increases  the  reluctance 
of  the  magnetic  cin  uit.  By  projecting  the  flowing  bands  of  water  on  a 
screen,  he  prnduced  a  visual  picture  of  the  magnetic  flux,  by  examining 
which,  it  was  possible  to  determine  the  "  correction-coel^ent "  to  be 
applied  in  the  magnetic  calculation. 

Two  of  Professor  Hele-Shaw's  diagrams  are  reproduced  in  Figs.  43 
and  44.  w!  i(  h  are  taken  from  a  paper  read  before  the  Institution  of 
Electrical  lingini  ,  rs  in  1904.  The  bands  of  water,  alternate  ly  bright  and 
dark,  are  flowing  vertically  downwards,  and  would  appear  as  parallel 
straight  lines  if  no  obstructions  were  placed  in  their  paths.  Rectangular 
obstructions,  however,  representing  the  air  gap  (horizontal)  and  a  slot 
(vertical)  are  inserted,  with  the  result  that  the  latter  forces  the  vertical 
bands  outwards,  and  they  are  crowded  into  the  spaces  which  represent 
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t!„'  tft-th.   Each  diagram  has  a  complete  slot  in  the  centre,  the  spaces  on 
ulKT  side  of  which  represent  one-haU  of  each  adjacent  tooth.  The  whole 
,  1  ram  therefore  represents  the  ftot  from  the  eentm  of  one  tooth  to  the 
mUi-  of  till  next.   It  will  be  noticed  that  quite  a  number  of  the  bands 
>ratr  int.)  the  slot,  mon-  espciially  in  Fip.  44.  and  it  will  be  evident 
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tU.it  it  is  a  question  of  the  relative  dimensions  of  gap,  slot  and  tooth.  In 
fact  both  mathematically  and  experimentally  it  is  found  that  the  ratios 

where : — 


s      ,  s 

which  determine  the  Unes  of  flow  are  j  and  - 


s  s  width  of  slot 

t  =  width  of  tooth 

g  =  length  of  air  gap  measured  vertically. 
By  inspection  oi  the  diagram  the  ratio  of  the  number  of  stream  Hnes 
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per  unit  lonRth  well  uikUt  cover  of  a  tooth  to  th*;  moan  number  of 
stream  lines  per  unit  length  for  tooth  and  slot  can  be  deterniinctl. 
This  ratio  is  the  correction  coefficient  by  which  the  gap  kngth  must 
multiplied  to  obtain  the  length  to  be  used  In  the  cakufaitioM  exfdaine'i 
above. 

Size  of  Magnetlting  Conductors.— The  number  of  turns  required  f'  r 
each  bobbin  or  coil  of  the  circuit  having  been  ascertained,  it  is  next 
necessary  to  calculate  the  cross-section  and  length  or  weight  of  the  con- 
ductor to  be  used.  In  the  designing  of  the  magnetic  circuit  the  length  and 
size  of  the  core  of  each  coil  will  probably  1,  ve  Ix-en  fixed,  and  these  will 
determine  the  dimensions  of  the  bobbins,  with  the  one  exception  of  the 
depth  of  the  windings. 

Before  proceeding  farther,  however,  it  is  desirable  to  fix  the  rise  f)f 
temperature  of  the  coils  which  may  be  ptrmitted  when  the  machine  is  run 
for  a  long  period  with  full  current  in  the  conductors.  The  greater  part 
of  the  heat,  though  not  all,  will  be  radiated  from  tl»  outw  surface  of  the 
coils,  and  the  maximum  and  steady  temperature  will  be  attained  when  the 
rate  of  loss  exactly  balances  the  rate  at  which  lieat  is  being  produced  by 
the  passage  of  the  current  through  the  conductors.  Experiment  showT? 
that  with  the  surface  in  the  usual  state  in  wbidi  it  is  on  a  wdl-kept  dynamo 
the  radiation  may  safely  be  assumed  to  be  not  less  than  yj^  watt  per  squa.e 
inch  for  each  degree  Fahrenheit  that  the  temperature  of  the  radiating 
surface  is  above  the  temperature  of  the  surrounding  atmosphere.  It  will 
be  observed  that  in  this  way  of  putting  it  the  rate  of  loss  of  heat  is  measured 
in  watts,  which  is  perfectly  correct,  for  the  watt  is  a  unit  of  power,  and 
therefore  may  measure  the  rate  at  which  energy  is  bcsig  transferred  from 
one  iToLnt  to  another. 

If  now  we  assume  that  the  whole  of  the  heat  is  radiated  from  the 
outside  surfaces  of  the  coils  we  shall  be  on  the  safe  side,  for  we  know  that 
some  of  it  escapes  in  other  directions.  Making  this  assumption,  let  us 
further  assume  tliat 

V  =  the  p.  D.  of  the  exciting  coil, 
c  =  the  current  in  the  exciting  coil, 
s  =  the  required  number  of  turns. 

e  =  the  permissible  maximum  rise  of  temperature  in  degrees  Fahr. 
p  =  the  outside  perimeter  of  the  coil  in  inches. 
/  =  the  length  of  the  coil  in  inches. 
d  =  the  depth  of  the  windings  in  inches. 
X  =  the  gauge  of  the  wire  (supposed  square)  in  indies. 
TTien  we  have  — 

Power  expended  in  the  coil  =  V  C  watts. 
Power  radiated  frcmi  surface  ol  coil  =  surface  x  excess  temperature  x  ^ 

B  p/  X  9  X  watts. 


DiUMintom  or  MAGMnaim  CoMovetma 
l!,ereforc.  oo  the  awumptioo  above  rcf.rmUo.  w*  hsve 

\  'ain.  the  ,  ' 

number  ot  turns  per  layer  =^ 

i 

numbCT  of  layers  ^  - 

Id 

,nd  therefore  the  total  nmnber  ol  tBTM.s 
1  torn  (i.)  and  (ii.)  by  muHipBcation 


0.) 


or 


/  /Tin 


(1.) 

(iii) 


„■  ,!l  the  quantities  on  iuc  right-hand  side  are  kn..wn  it        r,  n  rre^n- 
1        tl.at  the  product  c  S  is  the  ampere-turns,  tht-n  x,  the  irt. 
;  t  !lcid    Tl>e  wire,  for  simplicity,  has  been  assumed  to  bcsquare^ 
;    H  t  be  rectangular  or  circular  in  section  the  necessary  correct  ons 
L  lyt  a^S  The  cakulat.on  can  n.,w  b.-  readdy  carr.ed  farther 
.nd  the  actual  iTnRth  and  weight  of  wire,  as  well  as  its  resistance,  can  be 
'  •  ^e^d^^^^^^^  being  made  for  the  requisite  th.cknc^  o  .nsu- 

,..io^  whth  must  also  be  allowed  for  in  taking  the  dm^ensuma  already 

"■^'m^  atove  gives  the  calculation  for  a  .hunt  coil.  For  a  seri.^  coil  the 
„„rent  Td  '  S  ampere-turns  boin,  Riven,  the  actual  nurnber  of  un^  B 
Z^,  aid  all  that^  required  .  to  calculate  the  length  of  t^cod^.^ 
wili  g";e  the  necessary  radiatii*  surface  for  an  assumed  g««e  of  wue  or 
depth  of  winding. 

v.— THE  INDUCTIVE  CIRCI  IT  :  THE  ARMATURE 

The  thP^e  chief  methods  of  winding  the  -lectiic  conductors  in  modern 
n,,<  ne.  are  the  ring,  the  drum,  and  the  open  coil.  (H  these  the  second 
•  the  most  wLly  used  and  wiU  be  f^rst  dealt  w.th  yc^M^^ 
Relatively  to  the  iron  of  the  core  the  wire,  -ay  be  entirely  outside  the 
ITJi  smooth-core  machines;  or  they  may  be  ,n  sots^as  in  th  dd 
I'acinotti  motor  (page  ^^8,  Vol.  I.);  or  they  may  be  entuely  buried 
in  the  iron.  Ivins  in  holes  within  its  mass. 

tforZhcilvever.  discussing  the  method  of  winding,  a  words  may 
nroftfably  be  devoted  to  the  materials,  both  conducting  and  'fe- 
Ihich  are  employed,  and  abo  to  the  preliminary  calculation,  whu*  fix  or 
tend  to  fix  the  size  and  number  of  conductors  required.  .  ,  _j 

Moferia/s.— For  the  conductors  we  should  like  to  use  material  of  tlie 
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very  highest  conductivity  procurable,  because  the  space  occupied  by  them 
is  extremely  valuable.  The  E.  M.  F.  set  up  in  a  conductor  sweeping  across 
a  magnetic  field  depends  on  its  velocity,  its  length,  and  the  intensity  of 
the  field.  The  resistance  of  the  conductor  does  not,  therefore,  affect  tlir 
E.  M.  F.  Hut  when  the  machine  is  working  these  conductors  must  carr\ 
currents  and  will  become  heated,  because  they  have  resistance.  In  order 
that  the  heat  produced,  and  therefore  the  temperature  rise,  may  not  bo 
excessive,  a  sufficient  cross-section,  depending  directly  on  the  specific 
n-isfaucf  of  flic  material  used,  must  be  provided.  Hence  it  is  that  material 
of  the  highest  conductivity  should  be  selected.  By  reference  to  Table 
{see  page  7.'5i,  Vol.  I.)  it  wll  be  found  that  silver  has  the  highest  «-onduc- 
tivity  of  ail  known  materiak,  but  that  the  conductivity  of  copper  is  only 


therefore,  universally  used  for  the  material  of  the  conductor. 

As  rcfjards  the  shape  of  the  conductors,  since  space  is  valuable  it  is 
obvious  that  "square  or  rectangular  sections  will  be  more  economical  on 
smooth-core  armatures  than  round  wires.  In  slots  this  is  also  usually  the 
case,  though  not  necessarily,  as  the  slot  can  be  shaped  to  fit  the  wire  if 
tlitie  bo  only  one  wire  per  slot.  In  tunnelled  cores  the  holes  are  usually 
round  or  o\  al,  and  the  conductors  fit  them. 

The  actual  size  of  the  cross-section  is  determined  by  the  current  density 
prrnu^sible  and  the  current  to  be  carried  at  full  load.  In  well-ventilated 
armatures  the  current  density  may  be  as  high  as  2,000  amperes  or  more 
per  square  inch.  In  making  the  calculation  the  designer  must  bear  in 
mind  that  no  armature  conductor  has  to  carry  the  full  current  of  the 
machine,  and  t!'  t  in  multi{x)lar  machines  the  current  per  conductor  may 
be  considerably  less  than  the  full  load  current  in  the  outer  circuit.  The 
actual  current  carried  depends  on  the  number  of  poles  and  the  winding, 
and  can  be  readily  found  when  these  are  known. 


Fit-  4S.— Eddy  CiaiwU  in  Solid  Ar—mm  CewliKian. 


about  4  per  cent,  lower. 
Theoretically,  therefore,  if 
cost  were  no  object,  wc 
should  wind  our  armatures 

with  silver  wire.  But  cost 
cannot  be  ignored  where  so 
great  a  quantity  of  material 
is  required,  and  even  with 
silver  so  low  as  two  shillings 
an  ounce  it  cannot  com- 
mercially compete  with  cop- 
per, which  is  nearly  as  good 
a  conductor,  and  at  £80  per 
ton  only  costs  a  little  over 
O'Sd.  per  ounce.   Copper  a. 


Eddy  Cvkkents  in  the  Armature  Copier  «i 

nh'  Cmn-nH  in  the  Comliictors.— In  smooth-core  and  narrow-toothed 
•uui  itiires  for  lieavv  currents  tl.e  copper  should  be  laminated.  lx»cause  of 
f!„-  tendency  to  geiieratc  ..Ulv  currents  in  it,  if  solid,  as  it  pa^s.-  throut;!. 
,,  V  .api.llv  varying  part  of  the  field.  Thus,  in  Fig.  45.  ^-  '>  '^--^ent 
rirt  of  a  solid  conductor  just  passing  from  under  the  tip  of  the  poU  puce 
V  of  the  field  magnet,  the  section  at  c  being  near  the  end  of  th. 
K  ngth  •  the  few  lines  of  force  drawn  are  supposed  all  to  lie  m  the  plane 
of  ihis'section.  It  is  obvious  that  the  edge  r  </  of  the  vopyvi  bar  m  a 
„„uh  weaker  field  than  the  edge  a  b.  and  that  therefore,  since  the 
velocities  are  equal,  the  E.  M.  F.  along  c  d  will  be  less  than  the  E.  M.  F. 
alone  a  b  This  will  give  rise  to  swirls  of  current  in  the  substance  of 
copper  as  shown  {compare  Fig.  588,  Vol.  I.) ;  such  eddy  currents  will 
al^,..rb  energv  which  wiU  be  dissipated  in  heating  the  conductor  u.i- 
n,  assarily,  and  thus  raise  the  temperature  and  lower  the  efficiency  of 

tlic  machine.  ,     j  4 

The  necessity  for  guarding  against  these  currents,  sometimes  referred  t.. 
ir  i^itic  currents,  has  almost  ceased  to  exist  in  modem  machines,  because 
i,i  the  very  geneial  adoption  of  toothed  armatures,  in  which  the  am- 
ductois  are  well  surrounded  by  iron,  whose  presence  tends  to  destroy  the 
,l,ovp  inequality  of  field.  As  cases,  however,  still  arise  where  the  slots  are 
il,.  n  and  fairly  open  at  the  tcp,  and  as  the  subject  is  a  very  interesting 
practical  application  of  scientific  principles,  it  is  worthy  of  at  least  brief 

consideration.  ,      1      *  .i 

In  seeking  a  remedy  for  the  trouble  it  must  be  remembered  that  the 
•mI.'v  currents  are  due  to  very  small  differences  of  E.  M.  F.,  and  that  they 
It  c  large  only  because  of  the  excessively  low  resistance  of  their  circuits. 
H\-  properly  laminating  the  conductor  so  as  to  remove  the  latter  cause 
iiu  \  -an  be  practicaUy  abolished.   One  method  is  to  form  tlie  conductor 
of  c'randed  wires  with  a  short  "lay"  soldered  together  Only  at  the  ends; 
,n  parsing  across  the  core  any  individual  strand  crosses  the  whole  con- 
,hKtor  from  front  to  back,  and  vice  versa,  more  tlian  once,  and  therefore 
has  only  an  average  E.  M.  F.  generated  in  it.   It  is  found  that  the  layer  of 
t  or  oxide  on  the  outside  of  an  ordinary  uncleaned  copper  wire  has  qmte 
sufficient  resistance  to  prevent  the  eddy  currents  passing  between  a  strand 
and  its  immediate  neighbours,  and  therefore  these  currents  cannot  W  .i  t 
„p    These  stranded  wires  can  be  squeezed  by  hydraulic  or  other  pressure 
into  a  square  or  rectangular  section  without  impairing  the  efficiency  of 
the  laminations. 

Ill  the  days  of  smooth-core  armatures  Crompton  and  Swinburne  bmlt 
up  large  armature  bars  of  two  vertically  laminated  strips,  one  of  which 
nv  k-v  ♦he  otlier  at  the  middle  of  th.  length.    Thus  one  strip  was  for 
half  Its  length  on  the  a  b  edge  (Fig.  45),  and  for  the  other  half  on  the 
f  d  edge  ol  the  bar.  whibt  its  compani<m,  aho  cro«b»g  over  in  the  middle. 
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occupied  the  other  halves.  On  the  whole,  therefore,  each  strip  had 
same  e.  m.  f.  set  up  in  it,  and,  as  by  reason  of  dirt  or  ligtit  insulatic n, 
currents  could  not  pass  from  one  strip  to  the  other,  the  eddi  s  wrie 
killed.  One  disadvantage  of  this  method  was  that  it  necessitated  t!ie 
machining  out  t '  a  part  of  the  middle  of  the  armature  core  to  make  rcxjin 
for  the  cross-over.  Other  methods  of  twisting  in  the  centre  of  the  length, 
and  free  from  this  disadvantage,  were  devised. 

In  regard  to  insulators  the  choice  of  materials  is  more  varied  than  for 
conductors.  Two  results  ha\  e  to  be  ^ecured  :  tin-  copjK-r  conductors  must 
be  insulated  from  one  another  and  also  from  the  iron  of  the  core.  The 
material  selected  should  be  able  to  stand  heating  without  losing  its  in- 
sulating properties,  and  should  be  fairly  flexible.  Besides  being  a  goi  il 
insulator,  it  should  have  great  dielectric  strength  ;  in  other  words,  it  should 
not  be  easily  pierced  when  subjccteil  suddenly  to  a  great  electrostatic  strain 
caused  by  a  rapid  rise  of  potential  in  one  of  the  conductors  it  is  protecting. 
Mica  is  an  excellent  insulator,  has  a  verj  high  dielectric  strength,  and  is  un- 
affected by  heat,  but  it  's  lacking  in  flexibility.  Various  preparations  of 
mica,  known  as  mi  anite,  mica  cloth,  etc.,  have  been  invented,  which,  whilst 
retaining  to  a  great  extent  the  hi^  insulation  of  mica  and  its  high  dielectric 
strength,  are  more  or  less  flexible.  Cotton  or  linen  cloth,  or  muslin,  or 
paper  well  oiled  with  pure  linseed  oil,  and  from  which  the  moisture  has 
been  expelled  by  heating,  give  excellent  results ;  many  preparations  of 
these  and  combinations  with  various  cements  and  gums  have  been  brought 
forward  from  time  to  time  and  have  been  widely  used.  Rubbitr,  rubber 
tape,  silk,  or  a>be\lns  are  used  in  certain  cases. 

The  actual  thickness  of  insulation  depends  upon  the  working  voltage 
of  the  machine,  and  the  mechsmical  and  electrical  strains  to  which  it  may 
be  subjecii 'l.  The  conductors  are  usually  covered,  before  being  put  in 
position,  with  single  or  double  cotton,  or  silk,  and  well  ciled  or  varnished 
with  a  flexiUe  varnish.  In  built-up  coils  they  are  further  served  with 
insulating  tape,  and  specially  protected  at  all  angles  and  bends.  In 
smooth-core  armatures  the  core  is  coated  with  japan  or  enamel,  and  then 
covered  with  one  or  more  of  the  above-named  flexible  insulators,  the  thick- 
ness of  insulation  varying  from  20  to  200  mils.  On  edges  and  ends  the 
thickness  is  increased.  In  toothed  or  tunnelled  araialwes  the  iron  diannels 
are  lined  with  irou;-;hs  or  tulj<>s  of  mii\initc,  mica  cloth,  presspahn.or  similr.i 
material,  from  10  to  100  mils  in  thickness.  The  insulated  conductors  are 
then  laid  in  these  troughs  or  tulxs.  Wlien  completed,  asd  scmietimes 
before  comjiletion,  the  armature  is  w.ll  baked  in  an  electrically  controlled 
oven,  when-  the  temp^afure  is  kepi  at  about  <>S°  C.  or,  if  the  insulating 
material  vvil!  stand  it  withouf  deterioration,  at  somewhat  above  100°  C. 
By  prolonged  baking  all  moisture  i&  expelkd,  and  the  insulation  im- 
proved. 
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Calculation  of  Wlndlngrs.-The  fundamental  equation  for  determining 
,  .  windings  (see  page  513.  Vol.  I.)  for  closed  coU  hipdar  machme*  » 

n  z  .N  =  E  X  10**  (I) 

„..,//,/)o/ar  machines,  if     be  the  number  of  pairs  of  poles,  the  formula 

ft  ^  n  z  N  =  E  X  io»  W 
ere  N  is  now  the  flux  per  pole  whatever  be  the  number  of  poles,  and  ft  is 
,nstant  depending  on  the  scheme  of  winding.    If  the  various  section. 
,11  parallel,  which  is  the  most  common  case.  A/>  =  x.  and  equation  (2) 
.,>.mcs  the  same  as  equation  (i)  for  this  case.   For  other  metho<b  of 
binding  A ^  has  a  higher  value,  these  methods  being  generally  employed  to 
,„  re  i-^e  the  voltage  of  the  armature  for  a  given  speed  and  output. 

since  there  are  three  principal  unknown  quantities,  «.  z  and  n.  thne 
„  a  certain  amount  of  choice,  and  previous  experience  must  be  rehcd 
,i,K.n  for  a  start.  The  value  of  «.  which  often  depends  on  controlhng  and 
„!„«ide  considerations,  is  first  fixed.  When  n  is  known  an  approximate 
,1,  ineter  of  the  annature  can  be  fixed  by  the  consideration  that,  except 
I.,',  large  machines,  the  circumferential  velocity  should  not  «fceed  3^ 
l.  i  t  ix-r 
Kii'Avini 

illKtl)I"S,   aiiowaiivt   u->.^g     1  /  „ 

sumed  for  z  or  z  and  />  combined,  and  then  the  corresponding  value  of  N 
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large  macnines,  me  i,utuiin««."».  

,,.,.t  ix-r  minute ;  about  2.000  feet  per  minute  is  a  fjood  w.irkinp  figure 


iwing  the  diameter  of  the  armature  and  the  cross-section 


allowance  being  made  for  insulation  thickness,  a  value  can 


of  the  con- 


lound  from  equation  (i)  or  (2).  When  from  this  the  necessary  polar  dimen- 
,ons  are  worked  out  from  considerations  of  flux  density,  etc.,  the  resulting 
,„onorti..ns  mav  not  be  good,  and  the  previous  assumptions  may  have  to 
L-  revised,  but  it  will  not  be  difficult  to  hit  upon  satisfactory  figures  ulti- 

inatelv  and  rapidly.  ,  ^, 

Number  of  CommuUtor  SejrmentS.-Having  obtained  an  apparently 
Miiiable  value  for  t,  the  number  of  external  conductore  on  the  armature. 

the  next  point  to  determine  tlic  number  of  sections  on  the  commuUtOT. 
ihe  maximum  possible  number  is  equal  t,.  z  for  ring  armatures,  and  to  half 
.,f  z  for  drum  armatuws.  But  a  niany-l-art  commutator  is  expensive,  and 
.ulxlivisions  of  these  numbers  may  be  taken,  provided  the  p.  o.  between 
i.liacent  segments  does  not  rise  so  high  as  to  maintam  an  arc  with  the 
current  that  is  being  carried  across  the  thickness  of  the  insulation  (usually 
ihout  40  mils)  should  this  be  ruptured.  Another  consideration  which  tends 
i,x  a  minimum  vahie  to  the  number  ol  b«s  is  «ie  fluctuation  of  the 
voltage  caused  by  the  act  of  commutation  (xe  pafe  488,  Vol.  I.).  Tins 
,  .  t>es  to  be  appreciable  when  there  are  not  less  than  or  z'^  P"  T^ir 
,  ,1  p  .les  The  lower  limit  mav  be  stiU  further  raised  by  di'tu  ulties  of  ii.m- 
niutation.  to  which  we  -hall  refer  more  fuUy  when  dealing  with  armature 
u  actions.'  If  the  values  of  i  and  p,  or  of  z  alone,  clash  with 
ditions.  fresh  assumptioM  vemt  be  mudft  uai  Mve  siutable  vdws  oMaiMd. 
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Wtalding  Sehemas. — {a)  Bipolar  Machines.  It  is,of  course  of  supn 
importance  that  the  various  active  coiiductors  in  the  armaturt'  should  I, 
properly  .Miocti'd  l()f,'ctli(T,  so  that  when  the  brushes  are  correctly  adjusiid 
the  various  induced  E.  M.  F.'s  should  be  all  in  the  same  diraebon  in  the 
circuit.  We  have  already  {see  page  jto,  Vol.  I.)  pointed  out  the  evils  due 
to  the  inductive  pressures  being  wrongly  directed  lx>rause  oi  bad  desii  ; 
the  point  now  being  considered  is  how  best  to  guard  against  carelessness  m 
connecting  the  various  conductors  together.  For  this  porpose  it  is  necessan 
to  isMK  carefully  drafted  instructiwia  to  the  workmen  to  whom  the  t;i  k 


ncctcd  to  form  a  drum  winding  with  a  24-part  commutator  attached ;  in 
other  words,  each  complete  turn  is  to  be  connected  to  the  commutator. 
It  might  be  supposed  that  all  that  is  necessary  is  to  connect  at  the 
front  No.  i  to  No.  25,  which  is  diametrically  opposite,  and  the  back 
.11(1  of  No.  25  to  No.  a,  whose  front  end  should  be  joined  to  No.  26,  and 
so  on,  a  bar  of  the  commutator  being  tapped  as  each  front  connection  goes 
across.   It  will,  however,  soon  be  found  that  this  will  not  work,  for  when 
Nos.  I  to  13  have  been  thus  joined  to  Nos.  25  to  36  twelve  consecutive 
bare  (i.e.  one-half)  of  the  commutator  will  have  been  joined  to  the  con- 
ductws  in  tm>  opposite  quadrants  only,  and  the  brushes  180°  apart  on  the 
commutator  would  only  be  90°  ajiart  on  the  armature.    It  is  obvious  that 
this  IS  electrically  wrong.    Moreover,  mechanical  difhculties  would  be 
OKotm^Kd.    To  set  matten  right  the  ixttmAs  for  connectimi  ^ouM 


of  making  the  conn.  c- 
tions  is  entrusted. 


In  ring  armatures  t !  - 
instructions  are  sim] !'  . 
since  it  is  only  neci  - 
sary  to  connect  the  end 
at«at  tam  to  the  begin- 
ning of  the  next,  and  t , 
connect  to  the  com- 
mutator bars  suc(c^. 
sively  at  the  end  ot 
each  section,  whi(^  may 
consist  of  one  or  nore 
complete  turns. 


In  drum  armatures 

matters  are  more  com- 
plicated, as  will  readily 
be  perceived  on  inspect- 
ing Fig.  46,  in  which  48 
conductors  in  a  sini;;lo 
layer  are   to  be  con- 
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.      instead  of  24  at  the  front  end,  and  23  at  the  back.    Thiis,  at  the 
N'o.  I  should  be  joined  to  No.  26  (i  +  z^).  and  at  the  back  No.  26 
\'     ;  (J'l-i.i)  :  f'lr  the  next  turn  Nti.  j,  at  tlie  ficnt  to  Nn.  .;S  • 
i  N',,!  j8  at  the  back  to  No.  5  (28—23).  and  so  uii.    In  this  way  every 
, :  w  ire  is  missed,  and  by  the  time  twelve  turns  are  completed  and 
■    1  t  >  the  commutator  the  odd  wires  from  i  to  23  and  the  even  wires 
,  n  :<>  to  48  will  be  joined  up.  ancl  a  fresh  start  can  Ih>  made  for  the  last 
,  ive  turns  by  joining  48  to  25  (4«  -.:3)  at  the  ba.k.    The  student  is 
,1  to  work  this  example  through  carefully  in  detail. 
1;„  directions  to  the  workman  can  be  embodied  in  a  windina  table 
lollows:— 


'7 

iS 
41 


34 
42 
3 
10 


e 

3 
1 1 
19 
27 
35 
43 


i> 

2S 
36 
44 
4 
12 
20 


I' 

5 
13 

21 
29 

37 
45 


r 

i> 

30 

7 

3-! 

3S 

15 

40 

46 

23 

6 

3« 

8 

14 

39 

16 

22 

47 

24 

in  this  table  the  letters  B  and  F  mean  back  and  front,  and  the  letters  r  and 

,;,  ,in  nf^  atl.l  ilnwn.    Thus,  we  are  t  .Id  that  passing  up  No.  i  from  the 
iM.k  we  are  to  join  it  acri>ss  tl-.e  tr.>iit  tn  No.       which  passinp  down  we 
to  N(!  3  at  the  back,  whence  we  (ome  up  No.  3  to  the  front,  where 
A   join  it  to  No.  28,  and  so  on.    A  glance  at  the  table  will  show  that  when 

pr  iprr  -tart  has  been  made  the  numbers  follow  Rcncral  laws,  and  can 
!  AMit'ii  ilown  alriDst  automatir.iny.  For  nunibeis  that  wn\il(i  .'xceed 
4s  tl  IS  number  mast  be  subtracted.  The  table  contains  all  the  conductors, 
.UK I  no  one  twice  over. 

riir  al)ove  H  an  cxainiile  of  wli.it  is  known  a.s  diametral  windiiii,-.  Other 
wuidmgs,  devised  to  secure  sparkkss  running  or  regulation,  will  be  referred 
to  later. 

(/.)  Multipolar  Wimlw'^'i.—A  little  consideration  will  show  that  m 
iiinltipola!  machines,  whilst  avoiding  the  diificultii-s  alxn-e  alluded  to,  a 
:;!rater  freedom  of  choice  is  possible.  Thus,  when  m  the  course  of  the 
.vnid'ni;  a  conductor  opposite  one  pole  has  to  be  joined  to  a  conductor 
11  a  patticular  position  op{)osite  the  adjacent  a  choice  of  conductors 
.  ,1-.  hf  made  from  the  i-ol.'  in  front  .^1  tiie  jiolr  behind.  Th:-  choice  has  given 
li-r  to  two  general  methods  of  scheming  out  the  coiitu ctioii>.  one  known 
.1.  lip  -a'i«(/i»iff  and  the  other  as  wave  winding.  In  the  first  the  wmdings 
r\,  niiially  form  a  ■■ciifs  of  coils  overlappir.g  oiu-  another,  as  in  Fig.  47. 
whilst  in  the  wave  winding  the  connections  an'  continually  going  forward, 
a~  in  Fig.  48.  In  both  figures  the  groups  of  vertical  lines  represent  coa- 
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dncton  fai  nearly  similar  pdar  p<witi(.ns,  and  tlie  slopinp  lines  rcpres.m 
the  connections.  Tiie  bail>ed  aiiow-hcads  on  the  thick  Mrtital  lines  rcpic- 
sent  the  directions  in  which  the  F.  M.  F.'s  are  set  up  as  the  conductors  are 


niDVfd  nv.r  Ww  pdr  fao's  fi  .in  left  to  liulit. 
in  the  connections  arc  traced  out  it  will  l)c  founc 


11  the  circuits  indicai 
that  these  E.  M.  i  .V 
are  connected  in  .sews,  the  E.  m.  i  s 
in  the  conductors  passing  a  south 
pole  btini;  then  added  to  those  in 
the  cdiidiK  tor  ]iassini,'  a  north  p(  Ic. 
The  direction  of  motion  of  the  con- 
j  ductors  is  shown  by  the  light  hori- 
I  zontal  arrows. 

I  (c)  Uiir  ■,tiiiJiHf;s.-'h\  Fij,'S.  4; 
j  and  4>!  the  thick  lines  representiiif,' 
-•  the  conductors  may  each  be  re- 
garded as  a  single  conductor  com- 
pletely filling  or  half-tilliiif,'  a  sl^t 
in  a  slotted  armature  or  occupy- 
ing a  similar  position  on  a  smooth- 
mir  aniiattire.  In  cither  of  tin 
cases  the  iliaf/rams  may  !><■  ref,Mrdcd  as  diaf^'rains  of  Imr  xjiiuiiiij^s.  If  ea(  li 
conductor  completely  tills  a  slot,  then  a  study  of  Fig.  46  will  make  it 
evident  that  in  Fif,'.  47  the  bars  shown  must  lie  in  every  other  slot. 
Another  way  of  putting;  it  is  that  if  we  regard  the  bars  shown  on  pole  s 
as  koiUfig  bars,  and  those  ^own  on  n  as  following  bars,  in  each  complete 
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Fig.  4&— CoanectioB  fur  Wave  Windinc. 


turn  when  tlie  windinc  is  i  <]m])li  ti  d  li-.iiiiii;,'  .iiid  fol!..\\iiig  bars  will  lit 
alternately  round  the  wiiole  jH'rij)hery  ot  the  ariuature.  Still  another  w.iy 
of  looking  at  the  problem  is  to  regard  the  h.irs  which  we  have  just  referr<  .1 
to  as  leadiiii,'  and  fullowiiii;  h.ir^  .1-  n  -jM'ctiv.  h-  tlie  o./j/  and  (  ■  <  '(  nuinl)err:! 
bars  of  Fig.  40.  If,  however,  iheie  are  two  ii.n-,  [H'r  slot  or  two  layers  <mi 
a  smooth-core  winding,  then  tlic  necessary  conditions  will  be  foIfiUed  by 
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i.,C  the  Iradinp  (or  odd-numbrro.l)  bars  tho  top  bars  and  the  follovv- 
,  ,.ven-numlH  rcd)  bars  the  bottom  bars,  and  in  Fiks.  47  and  4-^ 
l,„.s  will  represent  the  positions  of  successive  slots  or  successive 
.  ,  ,  ,1  positions  on  a  smooth  con-. 

uindiH^.-\n  actual   pra.ti.v,  however,  such   methfHls  «f 
V,  one  or  two  conductors  per  slot  or  jH  iii-luTal  iM.s.tion  n.av  not  (l.  v.  lu,, 
irv  H  M  H  "I"  ^^'"'•'^     ^'^'^  conductors  i  whicli 

'.'irulations  based  on  the  ..juations  on  page  63  show  to  Ik-  necessary, 
.u.  h  cases  the  thick  lim-s  of  l  ii^s.  47  and  4S  may  b.-  ,..f,'ar.l.-.l  as  repre- 
two  or  more  conductors  in  a  coil  with  the  ncrcs>ary  n.nnUr  of  en- 
,!r.  ,t  both  top  and  b.ittom  in  each  figure  to  complete  the  wmd.ni;. 
,,  „,„„s  „f  su.  h  roils  (sr.-  Fi^s.  r,S,  (.5  and  others)  will  lie  given  presently 
.  ,l>o  of  the  methods  in  which  they  an-  assembled  on  the  armature  A 
V,.nre  back  to  Fig.  47  ox  Fif,'.  4^        t'"  "  >•'-'■''■  ' 
,  ,,,  ,1,.-  cases  illustrated.   Perhaps  the  chief  diific      ■  which  wUl  occur 
,„      N,  h„w  such  coil  windings  are  joined  up  to  f  -  m  a  wave  wmdmR. 
.l.ihcnltv  will  disapix-ar  if  it  be  remembere.l  that  the  successive  anls 
1,1,  a  winding  will  occupy  the  position  a  and  c  m  Fig.  4«. 
,1  ,  ,„,.  rrnediate  position  B  will  be  filled  as  the  wave,  so  to  speak,  travels 
,:, ,  .-,vclv  round  the  p.Tiphcrv.  Though  at  the  stage  illustrated  there  wi 
>„'  nnny  connecters  back  and  front  at  the  ,K«itions  A  and  c,  there  will 
,.„K  ho  a  single  connector,  as  shown  at  the  fn.nt  froi,i  a  i-  <  acn.s.  thespa.v 
,,    iiv  a  little  modification  the  same  idea  leads  quite  simply  to  a  mi.ved 

l  ip  in.j  wave  winding.  .     ,    ■  \ 

l  windings  now  being  described  are  all  clo^  i  cod  or  n--cnlrM,t  win,  - 
.  -  that  is,  the  winding  always  returns  into  itsolt  to  form  a  .  losed  oul. 
-  .  xnl  lined  in  Vol.  I.  Open-coil  windings,  which  are  now  very  little 
,,1  are  distinct,  and  must  be  s.paratelv  treated  for  each  cas.-.  In 
.,  .,  ntrant  windings  there  are  still  furihec  lievelopments  f..r  sp  .  lal  pur- 
P  .cs.  some  of  which  will  he  descriVK?d  later.  At  the  moment  we  arc  deal- 
iiu' u'th  broad,  general  principle  only.  _    _  . 

Winding  Diagrams.  -In  any  actual  practical  case  it  is  desirable 
ilMt  the  whole  scheme  of  winding  should  be  worked  out  and  not  nu  u  ly 
„„lu  ated,  as  in  Figs.  47  and  4^-    There  are  several  ways  m  which  the 
,.  Milts  of  such  a  working  out  may  be  recorded.    For  instance,  a  wmding 
.  ,M,  Mich  as  is  given  ami  exi)lained  on  page  (>5,  r.i ay  be  used,  and  this  is 
i„,!>aps  the  simplest  way  of  issuiijg  instructions  to  the  workshop.  VVind- 
i,    .ii.mrams,  however,  give  tbe  designer  a  much  better  grip  of  the  problem 
:  I  ,  nal.lc  him  'o  sec  iiv.n;  c  learly  the  effc.  t  of  his  conibmations.  Ihere 
Mvcral  methods  of  diawing  out  such  diagrams;   the  chief  ones  now 
.ployed  may  Iw  conveniently  referred  to  as  (i)  the  end-view.  (2)  the 
:,'hfj,  and  (?)  the  rjdiul. 

Am  clul-ru-w  diagram  has  already  been  given  in  fig.  4<»-  "» 
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l^ij;-  At  —f-nii'l'irw  Drjram  of     Four-Pole  Wave  Wtiuling. 


method  of  dr.  w. 
itigoutadiagr  m 

the  condurt'.n 
are  shown  in 
section  lyinfj  <>n 
the  stirfacf  ci  in 
the  slots  of  I  he 
armature.  In 
Fig.  46,  whirl  is 
lor  a  bipolar  ma- 
chine, the  pi  les 
are  not  shou  n, 
but  it  is  desir- 
able always  i  • 
indicate  thisv 
and,  indeed,  to 
avoid  mistakes, 
it  is  necessary 
to  do  so  in  multi- 
polar machines. 
Another  ex- 
ample, this  time 

for  a  four-jK)Ic  machine  and  a  wave  winding,  is  given  in  Fig.  49,  fur 
which  and  the  tlirce  following  figures  the  author  is  indebted  to  the  courtesy 
of  Dr.  S.  P.  Thompson.   In  this  diagram  the  front  or  commutator  end  ci  n- 

nections  are  shown  with 
^- '  full  lines  and  the  back 

connections  at  the  other 
end  with  dotted  lines. 
The  particular  diagram 
has  been  selected  to  show 
how  with  a  multipolar 
machine  it  is  pfissible  tu 
arrange  the  connections 
so  that  the  number  of 
pairs  f)f  brushes  may  be 
fewer  than  the  inmiber 
ol  pairs  of  poles,  tlie 
number  of  conductijrs  in 
scries  and  the  voltat": 
beiilf^  thereby  '""  '  ■!. 
In  Fig.  4y  th   0  .^le  '  .n) 

tig.  5*-/>rt*/../W  DuKtani  of «  Four  I'ule  \Va»«  Winding.  brUSllCS    for    a    I  .>Ur-pole 
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and  the  roadrr  should  trace  <mt  raroftilly  the  scqtirnre  of  tho 
,,  tors  so  as  to  undirstand  thormiKhly  tlio  system  (oUnwed.    If  would 
a  useful  exercise  for  him  to  construct  a  winding  table  for  this 
, Hilar  to  tliat  shown  on  page  65. 
,  ,.  [Muu-iplc  ot  developed  (haf,'nims  hits  \n^n  used  in  Fi^s.  47  and  48, 
diagrams  are  purp)S<'ly  incomplete, so  that  the  ili^tim  tiou  l.etwit  n 
ji  and  wave  winding  might  be  more  clearly  followed.   Tlie  complete 


Rf.  $t.~KMtlM  Di((nm  of  a  Sia-Polt  Windiafr 


ilrvelopod  diagram  (or  the  same  winding  as  tliat  -h'.wn  in  Fig.  40  is  given 
III  l-ij,'.  50,  which  wiU  be  found  to  be  derived  from  Fig.  49  by  supposing  tlie 
I  \  hn  Inc  surface  of  the  armature,  as  viewed  from  the  inside,  to  be  divided 

•  \M en  conductors  No.  i  and  N\).  22,  and  then  unrolled  and  laid  out  Art, 
ouii  its  rondurtors  lying  on  it  in  their  proper  places.    The  four  iM)lar 

ilaces  appear  as  a  backfjround,  and  the  end  connectors  are  laid  f)ut  as 
t>  I  .  n,  sloping  line?  on  the  same  tlat  surfare.  The  commutator  bars 
.  ear  in  section  at  t.ie  top  of  the  diagram,  and  the  positions  of  the  t".o 
1)1  ushes  are  indicated  by  the  signs  -4-  and  — . 
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Till*  last  form  "f  (li.iu-i  im  to  whi.  li  n  f.  idi.  i'  iK'til  I"-  m.i.lo,  llio  rau  'ii 
liirtRrain.  is  illiistratiil  in         51-    I"  '"''^'^  coiuliict  m 

i>io  shown  as  short  racial  hravy  and  numliercd  lint-s  Iwtwwn  two 
o  il.  nitiii  .iid.-.  .1111!  (!.(■  .nmitmtator  bars  apix-ar  between  two  inna 
coiuiiitiic  i  iirli>.  Ihf  l  umu  rlors  at  the  corninutator  end  are  shi  ati 
in  the  annular  spare  Ih  Iwo  n  the  comimitator  ami  the  tdivi-  1  n- 
durtors,  and  tlic  conncitors  at  the  back  end  are  shown  outside  \\x 
ii<  live  (oiuhu-fors  in  the  p'lar  Ka|)s,  which  are  shown  diaBrammatically 
tiuite  widf.  litre  .i^.iiii  an  exaniplr  <>(  a  ninltii«)lar  wave  windini; 
has  been  selected  on  whicli  there  are  two  l)r>i>h(s  (inly  for  a  six-ji.  li 
machine.    It  will  be  a  uieful  exercise  for  the  student  to  trace  o«t 

this  winding  also  in  det  ul, 
and  to  assist  him  Fifjs  5: 
gives  tht>  ((inivali'iit  i.nt 
winding,  which  is  lor  a  bi- 
jiolar  machine  with  the 
(.  I lesjjondiiif.'  conductors 
tlulerently  ai  i.iiiged  r< 
tively  to  one  another,  l  ln 
same  letters  and  numbers 
are  used  in  the  two  dia- 
f^ranis,  .iiul  in  Fif,'-  52  tin 
step  from  one  conductor  to 
the  next  is  obtained  by 
adding  live. 

Many  "Uut  interesliiit 
j)oints  arise  in  working  nut 
winding  schemes  for  specific 
cases,  but  considerations  of 
sp  ,.  f  will  not  allow  us  to  y\\\>\w  the  -rJ-ject  f.irllier.  For  similar  reasoib, 
and  also  iK-cause  they  arc  chiefly  of  interest  only  to  designers,  we  p.is> 
over  mathematical  winding  fommla  which  in  themselves  are  not  diflScuh 
to  I  I'  ^.s-. 

Di  ivingr  the  Conductors.— .Attentioii  will  l;-'  called  later  (s«!  page  129 
et  ii-q.)  to  thi-  r.  cttsity  for  transmitting  to  the  core  discs  the  turning  torque 
applied  to  tlh  '-liaft  by  the  i)rime  mover,  but  it  is  further  necessary  to  ensure 
that  the  dri\  im;  forces  are  safely  transmitted  to  the  conductors  by  good 
ini''  lianical  .11  \  nyoments.  It  li;is  also  been  pointed  out  that  in  slotted  and 
tunnelled  armatures  the  f»)rces  acting  on  the  conductore  are  not  so  great  as 
with  smooth-core  armatures,  for  in  the  former  a  greater  proportion  of  the 
magnetic  dia:;  is  taken  up  by  the  iron  of  the  coic.  It  thus  perversely 
hajipmis  that  in  the  very  machines  111  which  it  is  mechanically  easiest  tu 
drive  the  conductors  directly  by  the  iron  of  the  ewe  the  necessity  for 
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.„  ,  .Irivina  dimiiii^lir^  alnwwt  in  pr()p..rtion  as  the  ease  with  which  it 
1,  aiiompli^-Iu'l  in  m  ts.^.    In  fait,  in  slottetl  armatures  the  de»wnert 
"'.  „„„„  is  iiK.iv  .In..  t..l  t.'  til.'  n.r.->sity  lor  Ruar.linj,'  against  tlu-  <  tlrrts 
ntiiUmal  fore;  than  to  the  n.-.essity  for  driving  tho  c.ii.lu.  tors  l.in- 
ilh-    Tlio  tcndcncv  of  the  conductors  to  fly  out  of  the  slots  is  usually 
, ,  irt.'.l  l>v  w.mkU  u  \vc.li;.-s  driven  tmd.  r  projectioiri  of  the  teeth, 
i!    l.mdin«  wm-s  wrappd  round  tlio  c.inploti-ly  wound  armature.  a$ 
.  xplained,  Witli  straight-sidetl  rectangular  slots  the  latter  device 
ui  ii  iiiployed. 

H  h..u.  vcr,  diffpront  wnth  smooth-core  armatures.  Here  the  con- 
,.„s  "if  placed  Minplv  M.le  l>v  h.K-  "u  the  turned  roi.'.  ran  onlv  rt-ceive 
1.  the  core  the  foras  which  drive  tliem  through  the  ti.  ld  by  the  fnctional 
M  |,  which  thcv  have  on  it.  Moreover,  these  forces  are  those  due  t..  the 
hill  ll.is  of  tielil  and  the  full  .  nrrent,  and  are  thereiore  larse.  With  ring 
-  Muhnss  the  frictional  grip  is  ..bviou>ly  Utter  than  with  drum  windings, 
l  it  in  the  early  days  even  rin^'  armatures  had  their  amductors  dvfdaced 
I A  ilu-  magnetic  drags  to  which  they 
.  -uhjected. 

Ill  all  modern  sni..otli-C' ire  machnies, 
,.l;,i,.|.)re,  special  attention  is  paid  to 
,hi,  ])rol'lem.  A  common  method  is  to 
1:1-,  ;t  .liivinu:  wellies  of  iiard  wood  or 
liUre  at  intervals,  the  inner  ends  of  the 
w.  .l!,'.s  usually  passing  down  between 
t!i,  ...re  discs  into  appropriate  spaces 
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Another  method   is  to  place 
tiic  ...re  discs  iiiiw  -J — —  .     -  .,  . 

at  intervals  stri,«  of  hard  fibre  of  the  full  length  of  the  armature,  the 
n  edKCs  of  the  strii>s  b,  ,, re.  ..se.l  in  kev  ways  cu  ,n  .the  surface 
„t  the  armature  core.  In  the  diagram  of  the  magnetic  circuit  of  an 
ov,  rtvpe  dynamo,  given  in  Fig.  4.  six  of  these  dnvmg  stni^  are  shown 
sectam."  The  method  wast-s  some  of  the  space  m  the  active  t  ans- 
•„.ming  zone  of  the  machines,  and  t..  avoid  this  some  manufacturem 
have  n>placed  the  non-conducting  driving  strip  b^  a  s,H.c.a,ly  deep  con- 
ductor '/  (i-is.  53),  whicb.  projecting  down  into  the  iron  bed.  helps  to 
L-.ve  the  r.'.iuisKc  ni  •  hanical  drive.  ,       ,  „ 

In  all  tluse  ca^.  ■  hindui'i  i.  ires  must  Ix^  .-cd  to  counteract  the  effects 
,.t  centrifugal  force,  and  these  binding  wires  materially  help  to  counteract 
th..  effects  of  tangential  dra^.  They  usually  consist  of  a  number  of  turns  of 
„..n.'  steel  wire,  about  N...  s.  w  {i^  mils  in  .liameter),  wound  closely 
M.le  by  side,  and  caietuUv  sweated  at  the  ends  so  as  to  form  a  continuous 
l.  ui.l  Thev  are  well  insulated  from  the  copper  and  iron,  first  by  a  layer  ot 
,  ,1U  tan.-  an.l  then  bv  pieces  of  mica.  A  completed  ..mooUi-core 
armature  is  shown  in  Fig.  54.  which  represents  an  armature  built  by 
Messre.  Thomas  Parker.  Limited,  of  Wolverbaoiptwi. 
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Ringr  V.  Drum  Armatures.— At  first  sight  the  dnim  or  cylinder 

method  of  whKling  the  armature  of  .ontinuous  rurrcnt  machines  ^. ■  1,1 
appear  to  Ix-  unneeessaiily  coniplicated,  and  ij  possess  serious  disad\  i  - 
ta-es  when  conipared  with  1h(-  simple  and  .-asily  underetood  ring  windi>  - 
The  chief  ditficulties  of  the  method  have  already  lieen  briefly  explaii  m| 
(see  page  493,  Vol.  I.).  The  chief  advanta!,'e,  as  compared  with  rin^  wmdn.  - 
IS  the  reduction  of  the  ratio  of  th,'  lenqth  of  idle  or  dead  wire  to  that 
active  wire.  In  a  ring  armature  the  whole  of  the  wire  on  the  side  of  t' , 
nng  remote  from  the  magnet  poles,  as  well  as  that  on  the  edges  of  the  rii . 
IS  so  much  dead  wire,  only  required  to  make  the  necessary  electrical  0  11- 
nections,  and  contributing'  nothing  to  the  k.  m.  r..  but  adding  very  appre- 
ciably to  the  resistance  of  the  machine.  Where,  as  in  the  usual  case,  the 
poles  face  one  of  the  longer  surfaces  of  the  ring  only,  this  dead  wire  nn-t 
at  least  be  greater  in  length  than  the  active  wire,  and  consequently  the 
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total  energy  wasted  in  heating  by  the  passage  of  the  current  will  be  more 
tha.1  double  that  wa>ted  in  the  active  part  of  the  wires. 

Another  advdiUd;;e  of  the  drum  method  of  winding 'is  that  the  induct- 
ance of  each  section  of  the  winding  between  successive  commutator  bare 
IS  less  than  in  a  rmg-wound  armature,  for  tlu.  \v  ires  do  not  so  completely 
enclose  the  iron  core,  especially  in  multipolar  machines.  This  lessening 
of  the  inductance  leads  to  two  desirable  results.  In  the  firet  place,  spark- 
less  reversal  of  the  current  in  the  coils  under  the  brushes  is  facilitated  ;  and 
secondly,  the  reaction  of  the  armature  current  on  the  field  is  diminished. 
Incidentally  we  may  remark  that  in  another  way  the  drum-winding  renders 
possible  a  retluctioii  of  the  armature  reaction. 

On  the  other  hand,  the  drum-winding  is  not  so  simple  as  the  ring  and 
requires  greater  care  m  winding,  as  there  is  a  ,K,ssiI„lity  „f  making  serious 
mistakes  m  connecting  up  the  successive  coils,  n.is  disadvantage  can 
oln  iouslN-  be  <,vrr,  oine  s>>tematising  the  work,  issuing  careful  windins,- 
uistructions,  and  employing  intelligent  workmen.  Winding  tables  and 
wmding  diagrams  for  this  purpose  have  been  referred  to  above.  Again 
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t'  itiMilation  of  the  windings  is  more  diffinilt,  especially  in  Huso 
.  :  i,iuf^  in  which  tho  wins  or  bars  arc  laid  oil  in  a  single  layor.  for  this 
i,,  .-itatcs  t'  ■  placiiiK'  aloiit;si(lt'  uiic  aiii>lhir  of  bars  nmni-ctod  to 
,  !, ,  tiically  opjx)site  sections  of  the  commutator,  and  Ix  twrcn  wlmh  time 
'  at  tiiiits  a  V.  P.  .equal,  or  nearly  equal,  to  the  lull  K.  M.  F.  of  the 
i  .  i'iiin.'.  An  examination  of  Figs."  46  and  51  will  show  how  this  is 
inhcunt  in  the  schenus. 

It  is  also  more  ditticult  to  ventilate  a  drum  than  a  liiiK  armature,  for 
,t  1.  obviously  necessary  to  keep  the  conducting  wires  as  cool  as  possible 


Fig.  55.— Crompton  Armatiu*  with  Spiral  End  Conm-tiion*. 


bv  .  aiiviii;,'  n|{  tlie  uhmic  heat  rapidly.  For  this  purposi'  spcci:  1  vcntilatint; 
.bkts  have  to  be  arranged  in  drum  armatures,  especially  in  laige  machines. 

Lastly,  owing  to  the  crossinR  of  end  conn.  ctions,  the  rejiair  or  replace- 
ni.  iit  of  burnt-DUt  or  ilamau'od  coils  is  more  difficult  in  drum-  than  in  ring- 
w  .und  armatures.  In  modern  machines  this  import  ant  question  of  repairs 
H  kept  carefully  in  view  in  designing  the  end  connections,  which,  it  is  lued- 
1  -  to  say.  are  now  always  arranged  on  a  deiinitc  plan,  anil  not  bunched 
\i;>  haphazard  as  in  the  early  machines. 

End  Connections  of  Drum  Armatures.— It  ti  ns  h  pens  that  a 
\eiy  important  part  of  the  design  of  a  drum-wound  arniature  is  the 
arrangement  for  making  the  connections  of  the  various  conductors  to  one 
aiiMtlier  at  the  two  ends  of  the  core.  We  have  exnlained  (sec  page  523, 
\  ul.  I.)  how  Edison  solved  the  prcjblem  in  his  earl>  dynamos,  and  obtained 
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low  resistance  for  the  connections  by  using  copper  discs.    He  also,  as 

described  in  a  previous  edition  of  this  bo  k,  used  insulated  cirnJar 
sectors,  placed  at  the  two  ends  ;  to  each  sector  one  of  the  conductors 
was  soldered,  and  tlie  proper  sectors  were  connected  by  concentric 
circular  segments  of  different  '  idii. 

Siemens  used  curved  com  ttions  in  two  layers,  each  complete  coniuc- 
tion  at  the  back  end  (i.e.  the  end  remote  from  the  commutator)  consistini; 
of  one  curve  in  the  outer  layer  and  the  other  in  the  inner,  the  two  bting 
joined  together  at  a  central  wooden  hub. 

La'er  Swinburne  and  Crompton  employed  carefully  shaped  spiral  run- 
ncctions  (Fig.  55).  la  applying  these  to  a  bar  armature  the  bars  were 
made  with  projections  beyond  the  core  alternately  short  and  kMig.  The 
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former  were  joined  to  an  inner  layer  of  spirals  twisting  in  one  directum 
(e.K.  left  handedly),  whilst  the  latter  were  attached  to  an  outer  layer 
twisting  in  the  ojiposite  direction  (or  ri;,'lif-handedly). 

Kapp  used  a  modification  of  the  Edison  disc  with  projecting  lugs  in 
which  the  greater  part  of  the  disc  was  cut  awav,  leaving  a  broad  semi- 
cu-cular  or  quadrantal  iic.  and  the  lugs  were  twisted  at  ripht  anf,'les  to 
the  plane  of  the  arc.  so  that  they  could  be  slipped  into  slots  in  the  armature 
bars. 

Former-Wound  Coil8.-A  method  of  arranging  the  connections  of 
drum-wound  armatures  which  is  now  widely  used  in  this  country  and 
abroad,  especially  for  machines  in  which  the  single  conductors  do  not 
carry  heavy  currents,  consists  in  winding  and  insulating  the  coils  separately 
before  placmg  them  on  the  core.  Each  coil  may  consist  of  a  single  turn 
of  tluck  wire  or  of  several  turns  of  finer  wire,  and  in  some  cases  the  separate 
turns  of  a  coU  are  joined  in  parallel.   A  very  convenient  shape  to  give 
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th.  finished  roil  was  de\'ised  hy  Eickemeyer,  and  is  shown  in  Fip.  56, 

\         whidi  was  u-td  l)y  M<-.-rs.  Ttiiini.is  r.uki  r,  l  td.,  of  Wolvciliainp- 
I    and  many  other  firms.    This  rod  is  usually  employid  in  slotted 
:„  itures  in  which  the  conductors  in  each  slot  have  two  iK»itions  (see 
Ml),  an  uppi  r  and  a  lower,  but  in  tliis  case  it  was  used  with  the  con- 
1-  >ide  by  side  for  the  smooth-core  armature  already  illustrated  in 
54.    The  active  parts  of  the  coil  aie  .\  B  and  c  U,  of  which  .\  B  would 
I'  ju  tlie  bottom  of  the  slot,  with  the  CD  of  another  coil  above  it.  The 
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omnertions  at  the  back  of  the  armature  appear  at  the  right-hand  side 
'1  54.  By  carefully  comparing  these  with  Fig.  56  the  way  m  which 
Ihe  ntner  and  outer  connections  pass  one  another  will  he  understood.  This 
nnportant  point  is  even  more  clearly  illustrated  in  Fig.  57-  repre- 
.rnts  two  such  coils  being  placed  on  a  motor  armature.  The  two  sliorter 
.  ,ies  of  the  coils  lie  in  the  bottom  of  the  slot  on  the  left  at  a,  and  the  two 
lunger  bides  Will  Ixj  placed  home  in  the  top  of  the  slot  on  the  nght  when 
the  two  shorter  sides  of  another  pair  of  coUs  have  taken  their  places  below 

tliem.  .  ^  .. 

Tlie  various  methods  by  which  the  coils  are  formed  are  mterestingj 
The  two  stages  adopted  a.c  shown  in  Fig.  57-  Trai^zoidal-shaped  plane 
culls  XX  are  first  woui.d,  the  paiallel  sides  of  tlie  trapezium  Uing  the 
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longer  and  shorter  conductors  of  the  finished  coil?    These  plane  coils  are 

tlit'ti  ])Iaci  <l  (in  formers,  and  j^liajml  as  sliouii  at  v.  Tlicy  are  then  caio. 
fully  insulali  i  with  hiytrs  of  oilod  muslin  and  tajic  api)liid  by  liand. 

For  wave  winding 
the  West  i  nghousc  Coin- 
panics  use  the  co 
shtAvii  in  Fig.  58,  ii 
which  there  are  four 
coils,  A,  B,  ,  and  n, 
for  ditfirent  sizes  of 
machines.  For  tlif 
smaller  machines  eadi 
coil  A  or  n  has  several 
turns,  and  the  ends 
are  brought  out  at 
the  two  corners  on 
the  same  side  of  tin- 
•  ...  partially 

Y\^-   53.  —  "  Farmer  ■   I  'l-ils  for  Wave  Wimiing. 

wound  armature  in 
which  such  coils  were 

ncing  used  is  shown  in  the  upper  part  of  Fig.  50.  For  larger  machin.  s 
each  coil  consists  of  a  single  conductor  either  made  uj)  of  strips  of  copjx  r 
j)la(  ed  e  lectrically  in  parallel,  as  in  c,  or  of  a  single  bar  of  copper  forged  to 
the  required  shajx', 
as  in  D.  These  strips 
or  bars  are  carefully 
insula"  d  before  being 
placed  in  jTosition, 
and  tlie  connecting 
strips  at  the  corners 
at  the  coinniulator 
end  are  bent  outwards 
ins  jad  of  inwards, 
thus  inrrea-ing  the 
span  of  each  "  w  ave." 
Tlie  lowr  armature 

in    Fig.     59     shows  Fig.  s9.-FanlaUy  Woond  Wcttinghoim  Amutank 

coils  similar  to  c  and  D 

(I'lR-  5'"^)  being  placed  cm  the  core  In  tiiis  as  well  as  the  preceding  case, 
and  as  previously  explained,  the  winding  is  in  two  layers  m  the  slots,  tlie 
shorter  conductor  of  the  shaped  winding  of  Fig.  58  being  placed  in  the 
lower  part  of  the  slot,  and  the  longer  conductor  in  the  upper  part  of  the 
corresponding  slot  at  about  the  polar  pitch  faithor  on.    Tlie  only  junctions 
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in  the  machine  are  the  connection';  to  the  lutrs  of  flir  commutator; 
.inductors  arc  held  in  the  slots  partly  by  the  overhanp  of  the  teeth 
liip  of  the  slot,  wcKiden  wedges  being  driven  in  to  tif^litiii  u]>.  In 
II.  tine  wires,  well  insulated  from  the  conductors,  aw  Ix  >inii  nglitly 
i  the  finished  armature.   Fig.  60  shows  tin-  two  tini-hed  armatures, 
binding  wires, 
nady    to  be 
(1  jn  the  ma- 
chine. 

A  wound  arma- 
tii,,  as  built  by 
.M.  ~-rs.  Crompton  | 
aii.l  Co.,  in  which 
{mmer- wound  coils 
are  used  instead  of 
till'  spiral  end  con- 
nections of  Fig.  55,  is  shown  in  Fig.  61.  The  (  ore  is  slotted  with  open 
.1,  t-  into  which  the  wound  coils  can  be  introduced  after  being  wound, 
ui.l  in  which  they  are  held  in  place  by  wooden  wedges  and  the  usual 
binding  wires,  of  which  there  are  three  bar,  s  on  the  core  itsdf  and 
two  othere,  much  wider,  holding  the  connections  in  place,  besides  an  extra 


rig.  ie.-J(jamifuxeA  V«ingbiniie  AimataM 


Fig.  61.— .WouBd  Crompton  AimaWit  (Open  SloliV 


lund  bound  over  the  junctions  between  the  commutator  and  armature 
,  nnnections.  The  wedgi-  method  of  holding  the  windings  in  the  slots  is 
!  ;;!i,r  referred  to  at  i)acre  87. 

\s  a  contrast  to  Fi!.'.  61  there  is  shr  ,n  in  Fig.  62  an  armature  built 
l.v  the  same  firm  in  whi.h  the  core  slots  arc  nearly  c]o>, d.  so  much  so 
,t  former-wound  coils  camiot  be  introduced  into  them.    Tlie  windings 
,uu.t  therefore  be  threaded  through  the  slots,  the  end  connections  being 
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designed  for  this  condition.    As  against  the  Kroater  lahotir  involved  in 

this  nit'thml  i>f  winding,  it  sliould  Ik-  noticid  tliat  in'  wi dire--  or  liiiuliiif,'  \vi'  s 
are  usi-d  on  the  armature  con-  t')  Iiold  tin-  winding-  m  thtir  jilans,  ti  is 
being  done  effectively  hy  tiie  nvcrliuiif,'  jiarts  of  the  core  teeth.  Hindmg 
wires,  however,  are  still  required  to  hold  the  connectors  in  their  places. 

It  will  be  obvious  th.it  the  winding  methods  used  in  Fig.  62  are  chieily 
useful  for  lieavy-i -Trent  low-volliige  machine  in  whirh  llie  individual 
conductors  have  a  large  cross-section,  whether  solid  or  laminated,  ;uul  tli.it 
the  open-slot  method  of  Fig.  61,  with  its  former-wound  coils,  is  better 
adai)ted  to  small-current  machines  of  higher  volt ai^'c,  having  several  tin  us 
per  commutator  section,  the  individual  conductois  hnng  miuh  iigiitii. 
VVe  have  here  an  instance  of  how  the  actual  form  of  the  oiilpnt  (i.e.  wlietli'  r 
low  or  high  voltage)  for  a  given  sue  of  machine  modifies  the  details  of  the 


Fig.  8a.— Wound  Crompton  Arnutara  (Scmi-Enrtoscd  Slots). 


design.  Another  modification,  which  will  he  dealt  with  in  detail  later,  is 
seen  in  the  very  dittVrent  lengths  of  the  commutator  bars,  which  are  long  in 
the  case  of  the  heavy-current  armature  (Fig.  62)  and  short  in  the  case  of 
the  hghter-ciirrent  armature  (I^g.  61). 

In  several  of  the  types  descn])ed  above  tin  end  connectors,  of  what- 
ever pattern,  have  one  feature  in  common— namely,  that  in  making  the 
connection  from  one  conductor  to  another  they  dip  more  or  less  radially 
inwards,  and  thus  shorten,  sometimes  nearly  to  the  vanishing  jjoint,  the 
connecting  strips  at  the  commutator  end  between  the  comiiiiitator  har- 
and  the  windings  of  the  armature.  This  dipping  ovei  of  the  end  con- 
nections has  the  disadvantage  that  the  repairs  of  damagid  windings  are 
dithcult.  a-  the  taking  out  of  a  roil  disturbs  manv  of  the  other  winding- 
and  IS  a  laborious  j>iocess.  liut  there  is  another  general  method  of  con- 
strue t  ion  widely  employed  in  which  the  whole  of  the  connecting  strips,  of 
whatever  pattern,  are  contained  within  a  shallow  <  yliiidric— K)r,  more  strictly 
annular— space  of  radial  d'  ptli  little  gnater  than  that  of  the  bluts.  Sucli 
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t'lod  necessitates  cither  long  radial  roniiort<irs  b*  tween  the  commu- 
,1  >,  anil  llu-  win. lings,  or  a  commutator  with  a  diameter  nearly  equal 


,  •  ,t  of  ti.f  aimafiin-.  Each  of  these,  and  intermediate  modifications, 
arc  iM  il  in  mndcni  m.idiincs. 

\.  an  example  of  such  construction,  Fig.  63  shows  the  arnjature  ot  a 
\'    ,  r  and  Piatt  dynamo  similar  to,  but  somewhat  rmaller  than,  Uie 


Fig.  63.-M«Ui«  and  Pl»«  CyliwWc  CWaMCto  Afaatw*. 

,n arhine  which  has  been  described  at  page  18.  The  armature  illwslr.utod 
,  ,  nnipl.  t.  lv  wound,  but  the  commutator  has  not  yet  been  fitted  to  it.  Ihe 
,  „K.  plat.  -  as  can  be  seen,  are  mounted  upon  a  cast-iron  four-armed  spider. 
.,,1  are  firmly  clamped  together  "vith  steel  bolts  and  nut^  betwc.  n  stout 
>  i-,-u..n  end  plates.  There  are  wo  ventilating  ducts,  and  the  details  of 
, :  i.^truction  have  been  carefully  iesigned  to  secure  excellent  ventilation  so 
ti,  It  the  armature  is  kept  cool  at  top  loads. 

Ihe  bars  of  the  armature  have  their  ends  bent  round  in  opi^.site  direc- 
; .     airh  end  thus  covering  about  half  the  peripheral  .*  ^tancc  to  the  bar 
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to  whirh  it  is  to  he  coniucf rd.  Tlicro  an-  two  bars  fwr  slfit,  ttif  end-  nf 
the  lowt  r  burs  l)eiii{j  kejit  i»  tlie  direction  opuosite  to  those  ot  the  ujip.  r, 
so  that  the  last  few  inches  of  each  bar  being  bnnii^ht  parallel  to  the  axis, 
\\w  li.ii  ciiiN  I', til  \h-  swr.itcd  m  ^olili  nd  tnp  tln  r.  and  the  final  idlliuctii.n 
made  accoriling  to  winding  sdiemes  alreadv  explained.  The.  parts  of  i  n 
bars  between  the  core  iron  and  the  soldered  connections  are  very  securi  ly 
Iicl<I  in  jihice  with  steel  wire  l)ands.  It 'vill  be  observed  that  the  nietl.  il 
materially  inrreas(  s  the  .ixial  leni^'th  of  the  outer  {x'rii)hery  of  the  I  ill 
diameter  of  tlu'  arm.ittirr  and,  consequently,  of  the  whole  machine  us 
compared  with  tlie  methods  in  which  the  connectors  arc  more  radial.  T  i> 
in  the  example  just  given,  the  full  axial  length  from  tip  to  tij)  of  the  coi)ji.  r 
l)ars  is  more  than  three  times  that  of  the  core  pl.ites  alone.  This,  In -a- 
ever,  does  not  seriously  add  to  the  cost  of  construction,  and  the  typ«-  of 
winding  has  obvious  advpntages. 

The  method,  moreover,  has  so  many  advantages  that  in  applications  of 


Fig.  64.—"  former "  Windings  being  Kitted  on  Core  with  Cyltndrlc  Windtni  Dnua. 


it  in  which  the  actual  windings  have  not,  as  in  Fi-    63,  the  necessary 

stiffness,  two  "winding  drums,"  as  they  are  called,  an  added,  on  which  tin- 
cud  connections  can  lie  and  be  held  in  their  places  by  ajjpropriate  binding 
wires.  The  use  of  such  drums  or  cylinders  has  led  to  the  method  being 
known  as  "  cylindric  "  or  "  barrel  "  winding,  the  cliiei  feature  being  tliat 
the  end  connecti<ins  lie  on  a  curved  cylindric  surface  and  not  on  tJie  radial 
end  surfaces  of  the  armature.  The  coils,  placed  as  (U  <riit>ed,  arc  niuih 
more  easily  accessible  in  the  event  of  a  breakdown,  and  the  connecting  up, 
etc.,  is  also  easier.  On  the  whole,  the  advantages  arc  so  important  that 
many  modirn  machines,  especially  for  lar^^  sizes,  an'  wound  in  tips 
way.  The  winding  drums  referred  to,  or  the  equivalent  space,  can  he 
seen  in  several  of  the  illustrations  of  armature  cores  given  elsewhere  in  the 
book  —  for  in-taiue,  in  I'igs.  66,  (17,  6(j,  70,  qo,  (15  and  120.  As  an 
additional  inst.mce,  Fig.  04  ^llo\vs  a  "loiiner"  winding  of  the  cylindric 
type  being  fitted  on  to  the  core  of  an  armature  for  a  dynamo  built  by 
Messrs.  Scott  and  Mountain.  The  winding  drums  are  dearly  shown,  and 
an  interesting  feature  is  tliat  there  are  no  ventilating  ducts  in  tlie  iron. 


tig.  ij.— "FonBeT"  Coils  nady  for  pUang  on  Corti 


I  ■  ■  (■■lils  for  tliis  typo  of  wiiuliiif?,  as  used  by  Messrs.  Srott  and  Mountain, 
.1!     IiM\\n  in  Fig.  65,  wliich  sliould  be  compart-d  with  Fig.  64. 

i  ll.  (  vlindric  mode  of  end  connection  can  be  iinployid  for  cither  lap  or 

■,\.!\'.'  Winding  in 
iiiuitijxilar  ma- 
.  hiiu's,  according 
I.I  tlu'  way  in 
wliu-h  tlio  ends 
in-  I)roupht  out. 
Ill-  roils  shown 
in  Tif^'s.  64  to 
i  ll  li.ivc  the  end-i 
ni  the  windings 
l.nMipht  out  at 
till  -,inie  point  of 
•.]'.<■  roil  ;  these 
:  ii.ls  being  joined 
!"  >ucccssive  bars 
■  t  tho  commnta- 
I'i  Will  give  a  laji 
uiiulnig.  Fig.  66 
ii'Ws  such  a 
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winding  I)eing  applitd  to  the  armature  of  a  I.irtrf  ci/^'lit-polc  rmrhino,  as 
built  1))'  tlu'  Irilcrnafinnal  Electrical  Kii.L,'iiiiri ihl,-  (  "iii|iaiiy  "1  I 

The  manner  in  which  the  successivv  coils  fi'lhiw  tine  anntlar  hhiikI  liic 
an.iature  can  be  easily  traced.  In  this  case  each  coil  consists  ot  a 
singit'  turn,  .iiid  the  two  t  iid-,  tli"tif,'li  qiiitf  ditfi  icntly  shaped,  aif  hrniu-ht 
out  at  the  place  corre-pniiilmj,'  t"  m  :n  V\^.  30.  Of  iIh-m'  i  nd-  the  <  in 
nearest  the  side  ab  is  always  Id  into  tin  ImiIIi.ih  i.f  ihr  slut  in  ilu-  hij;  nt 
the  commutator,  and  the  other  end  slips  into  the  top  of  the  slot  of  tlic 
next  following  lug.   The  conductors  are  insulated  by  being  ovcrwouml 


Fig.  67. — "  Ftirnii  r "  W.  uikI  Cni!-,  nnd  paitiv  w  nin  !  Ilrure  Peclilc-i  Arni.ttiirc. 


with  tajie,  etc.,  but  in  addition  there  can  be  seen  in  Fig.  66  the  U-shajnd 
channels  of  micanite  or  other  insulating  material  which  are  placed  in  the 
slots  so  as  to  insulate  further  the  rondiu  tors  from  the  iron.  The  niarljino 
is  for  an  outinit  of  ^00  kilowatts  (400  r:.  11.  i'.).  and  111  should  be  taktn 
of  the  substantial  character  of  the  eomniulator,  the  length  of  the  bars 
being  about  equal  to  the  polar  length  of  the  active  conductors. 

A  jiattern  of  "  former  "-wound  cylindric  coil  ad<'i>ted  by  Messrs.  Bnire 
Peebles  and  Co.,  Ltd.,  some  years  ago,  and  still  substantially  the  same  as 
the  coils  now  used,  is  shown  in  Fig.  67  together  with  a  i)artly  wound  core. 
The  five  or  six  coils  on  the  ground  show  very  clearly  how  they  lie  side  by 
side  on  the  armatnri  and  the  re.ison  for  the  ))(  ( nliar  sli.ipe  i^iven  fo  the  end 
connections,    tacli  coil  consists  of  fu-e  turns  of  tliree  strips  in  parallel,  as 


f!i  michinr  is  intended  io  develop  230  vdlts  at  a  sjHfd  of  650  R,  P.  M., 
th.   ntptit  )<i'iti^'  u  kilowatts.  The  whole  coil  is  vrry  can-fully  ta|ied  and 

iibuiatrd,  and  also 
wi  II  tiaked  hefore  be- 

lli:;     j.Ii.cd     on  the 

I  'll  .  I'hf  loniiiliti  (1 
uiii.ituro  in  shown  in 
I-:;:  t.S. 

riif  cnmmencp- 
t;]  ::i  III  tlir  wimli; 
I  I  .1  l.nf^i-  inultiixjlar 
iliiim  iirniature  i<t 
,1  !;;i,Mlily  shown  in 
1  (II),  wliicli  jojue- 
M  lit-,  in  process  of 
nm-tnu  ticn, the  arma- 
ture of  a  750-kilowatt  dsmamo  built  by  Messrs.  Brace  Peebles  &  Co.  to 
cive.  at  180  R.  p.  M.,  500  to  550  volts  as  a  traction  generator.    Four  sets  of 
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.     tig,  69.— CommeniYinent  of  Wavr  Winding  a  yso-Kilowalt  Armalgaa. 


f.  rnii  r  windinir'^.  r.i.i  li  ninsistiiu'  ot  two  in-nl.it'. d  ruinxT  sfriiis,  ;irc  i^liowa 
placed  consecutively  in  the  slots,  from  the  iron  of  whicli  tliey  are  insulated 
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hy  U-shajx-d  f^rooves  of  micanito  or  otlior  in«ulatinp;  matorial.  Althrm.  h 
previously  refcrrod  to,  attontion  may  he  aRain  railed  to  the  armatiiiv  spid-r 
and  the  core.  The  former  is  continued  at  the  l)aek  end,  not  only  i  . 
])rovide  the  winding  drum,  but  also  to  furnish  a  couj)ling  to  the  fly-wluel 
of  the  engine.  At  the  front  it  is  extended  for  the  winding  drum,  and  at  a 
smaller  diameter  to  provide  the  support  and  drive  for  the  (onimutatm. 
In  iciranl  to  the  core  atti'iition  sliuuld  be  directed  to  the  narrowness  of  the 

teeth  and  the  simj  le 
sliajie  of  the  slots. 

A  stage  in  thi- 
winding  of  the  arni.i- 
tuiv  (if  a  large  mult:- 
j)olar  dynamo  is  shown 
in  l'"ig.  "().  which  i.  - 
presents  an  armature 
seen  from  the  com- 
mutator end.  with  all 
the  conductors  iii 
position  and  rea<l\ 
for  connection  to  the 
lugs  of  the  commuta- 
tor. This  armature  i- 
for  a  dynamo  with  an 
output  of  1,000  kilo- 
watts,  as  ronstructdi 
hy  the  Internation.il 
Electrical  Kngiiieerinp 
Company.  The  figure 
will  give  the  reader 
some  idea  of  the 
amount  of  detail  in- 
volved in  the  winding 

Fig.  7D.-M«kiiig  tlw  Coonection  to  the  Commtiiatoc  I.as<.  P^*"*  eonstnii - 

tion,   and    the  care 

which  must  be  exercised  in  jilanning  the  winding  in  the  first  instance 
so  as  to  run  the  minimum  of  risk  of  the  connectors  l)eing  joined  to  f]i( 
wrong  lugs.  The  edges  of  the  micanite  linings  of  the  armature  slots  m 
which  the  active  ( onductiir^  are  laid  can  be  clearly  seen  projecting  from  the 
slots  at  this  stage  of  the  construction. 

The  ct)mpleted  armature  of  the  large  multipolar  dynamo  built  by 
Messrs.  .Mather  and  I'latt.  and  whose  yoke  ring  has  .already  been  refernd 
to  (Fig.  10),  is  shown  in  Fig.  71.  Tliis  armature  is  built  for  an  output 
of  800  kilowatts  at  440  to  550  volts,  and  100  revolutions  per  minute.  The 
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full  load  curient  will  fliercfore  be  about  i,6oo  amperes,  divided  between  five 
M  ts  of  i)rushos  ;it  f.uli  terminal. 

Full  details  of  a  moiUiii  machinf,  including  particulars  of  the  annaturc 
are  given  in  Plate  III.,  which  represents  a  75o-ki;'jwatt  (l\namo  built  hy 
Messrs.  Crompton  and  Co.,  Ltd  ,  to  which  references  are  also  made  i  Ise- 
uht  re  (-jfc  pages  .:o  and  The  armature  is  slotted  and  is  drum-wound 

with  "  former  "  coils,  which  are  held  in  their  places  by  long  wooden  wedges 
or  keys,  as  shown  diagrammatically  in  Fig.  72,  where  it  will  be  noticed 


Fi.;:.  71.— Completed  Arnuiture  of  an  early  pattern  (tt  Matficr  and  Piatt  ^^uItiJ^'^l.l^  Pyiiaino. 


tli  it  for  this  purpose  the  teeth  are  undercut  at  the  top.  The  wedges  can 
1«  (  li  arly  seen  on  the  figure,  which  is  oi^wn  to  scale,  full  size,  and  their 
u-r  n  nilcrs  binding  wires  unnecessary.  The  air-g;ip  is  }  i  f  m  inch  from 
ii"u  to  iron,  and  the  radial  depth  of  the  armature  stampings  is  11  inches, 
riu  re  are  230  slots  with  four  conductors  in  each,  making  a  total  of  f)3<) 
iniuliKtnrs,  and  as  there  are  ten  poles  anti  ten  circuits,  each  ciitiihictor  will 
c  iirv  a  current  of  about  165  amperes  when  the  dynamo  is  loaded  up  to 
v-  mil  load  of   1/150  amperes.     At  normal  speed,  k.  p.  m.,  the 

[hiililieral  speed  of  the  armature  is  over  4,700  feet,  or  about  ocj  of 
a  mile  pier  minute.  Particulars  of  the  brush  gear  arc  given  later  (see 
l''i«<'  156). 


Paksons  TvitBO-DvsAtns 


Turbo-Dynamo  Armatures.— Attfntion  has  already  been  drawn  (see 
1 ;  d  scq.)  to  the  fact  that  the  high  sjx'ed  at  which  turbine-driven 
iMiaiiios  are  run  jirofoundly  modifies  the  design,  and,  as  might  be  expected, 
iiioditkations  are  required  in  the  armature  as  well  as  in  the  other  principal 
j.irts  of  the  macliine.  It  will,  •1875' 
tlu  refore,  be  of  interest  to  examine  ' 
,«;ir  or  two  armatures  of  modern 
1  111  bo-dynanu)s,  if  only  to  contra>t 
them  with  the  slower-speed  arma- 
tures already  described. 

( i-ie  iKiturally  si'lects  for  a  first 
,  X,.  .[jle  a  Parsons  machine,  and  in 
l-i-.  7j,  taken  from  a  paper  read 
i.\  Mr.  Stoney,  in  ioo8,  before  the 
Institution  of  Electrical  Enpineers, 
is  shown  a  longitudinal  section  of 
such  a  machine,  designed  for  an 
,,iitinit  of  i,o(0  kilowatts  at  500 
\nUs,  when  running;  at  a  speed  of 
I,. MO  K.  P.  M.  The  greatest  con- __ 
tuist  with  the  slow-speed  typo  of 
machine  is  probably  in  the  small 
proportion  which  the  axial  length 
of  the  magnetic  circuit,  including  the  armature  iron,  bears  to  the 
over-all  axial  length  of  the  machine.  In  the  figure  given  it  will  be  found 
that  the  machine,  which  is  nearly  13  feet  long,  is  nearly  seven  times  as 
Imiq  as  the  iron  of  the  armature  core  {2j  inches).  The  machine  is  a  four- 


Fig.  73.— Db^raiii  .It  M.'t,  vh  'win^i  Wooden  Wetlg« 

and  Coiiduct'T^ 


,.-P»r»i»  *,oop-K!lowiitt  Annature,  wS«h  Seml-Snnk  Conduelon. 


f'S-  74 

pole  machine  {see  also  Fig.  93).  and  the  armature  core  i^.  36  '""^''^^ 
i  ,-neter  There  ar.>  no  interpoles.  but  compensating  wmdings,  to  which 
t  .rther  reference  will  be  made  later,  are  used  on  the  pole  faces,  which 
rnsnre  satisfactory^  commutation  at  25  F-"  cent,  overload.  There  arc  192 
„  ,ive  conductors,  and  half  that  number  (96)  of  commutator  segments. 
Details  of  the  commutator  will  be  found  at  page  138. 
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A  stiU  more  recent  pattern  of  Parsons  armatur«  »  shown  fai  Fig.  74- 

^nXand  in  an  end  view  and  cross-action  ^^^^^^^{^ 

rno    re^nt  machines,  however,  and  in  the  armature  "  f J^^; 

I.  cros  are  slotted  with  slots  of  a  Fcul^r  shape  t  uee  of  .  .^^ 
in  Fi«  7=5    The  section  of  the  slot  may  be  described  as  a    bottk.    s  ci 
m  ri^.  7.-)-  „..,,,u  the  exterior  which  widens  out  into 

sina.  there  is  a  narrow  "--^^'''^^'^^^^^^^^d  Uned  with  insulating 

an  oval  shape  lower  down.    ^^'"'±1^1^^^^  material.  and 

iNSilLAT/pi^ ^  /^/C^^Z^^^W\  then  a  split  con- 

ductor of  similar 

CWtDycjok(//!^^^yy^^^'_  and  completely 


filling  the  neck, 
,.v,  }lNIUM  is    pushed  in 
STEMMING  i^^^   the  end. 
STRIP      wi^f-n   tlms  in- 
  troduced.  the 

Fig.  75.-S«c«ion  oT  Cor*  wilh  S«mi  Sonk  Coodttctora  in  Powtioo.  copper  COnduCtor 

leaves  «p11  an  unfilled  space  in  the  middle  of  the  bottle  section.  Into 
space  stemming  pieces,  consisting  of  short  lengths  of  aluminium 
lod  a^e  driven,  causing  the  split  conductor  to  open  ont  a.K^  s«_d,m, 
it  very  firmly  in  the  slot,  thus  avoiding  any  possibihty  of  shifting, 
ihe  hape  of  the  slot  counteracts  the  centrifugal  forces,  arid  binding 
iJes  rfnot  required,  though  a  considerable  fraction  of  the  coppr 
a  ndu...r  lies  outside  the  iron  of  the  core.  Two  other  mam  advan  ag.. 
are  secured.  In  the  first  place,  the  projecting  copper  is  very  well  plau  a 
for  being  kept  cool,  both  by  radiation  and  by  contact  with  cool  air  m  the 
gap  In  the  second  place,  during  commutation  the  section  of  the  strip 
Sbedded  in  the  iron  has  an  inductance  different  from  that  of  the  part 
Se  the  iron,  with  ,he  result  that  one  short-circuits  the  other  for  he 
E  M  F  -s  caused  by  the  variation  of  current.  In  this  way  the  commutation 
is'materiallv  assisted,  making  it  easier  to  secure  sparkU  ss  runnmg 

One  oth'c  r  Point  mav  be  mentioned  with  reference  to  this  interest  n« 
armature,  and  that  is  the  method  of  securing  the  bar  conductor^  to  he 
end  connectors.  The  latter  are  of  the  ordinary  drum  spiral  type  to  which 
Z  S^s  are  secured  by  bronze  bolts,  giving  a  better  mechanical  result 


Bkown,  Boveri  &  Co.  Turbo-Dynamo,  500  KiLuw.vTrs,  250  Volts,  at  2,100  k.  v.  m. 


BttowH,  /toi'KKi  Asn  Co.'s  Ti'K/n>-Pr.v.4,vi^s 


•  in  hinding  wins.    It      lurtlur  cl.iiiiuil  tluif  tliis  is  al-o 
I     bronze  end  belb  which  are  uwd  by  sumc  omstructun. 
riiu  PoriMins  turboHlynaiiKtH 

.1'  constructed  with  saliont 
].  l.s,  and,  tlicnfiHf,  tlio  luxt 
I  sample  given  is  o{  a  dynamo 
with  a  field  frame  Mmilar  to 
1  it  shown  in  Im;,'.  S,  the 
ii.iinc,  wliin  wound,  pustnt- 
iii;,'  almost  a  smooth  cylindric 
surface  to  the  revolving  anna- 
iinv,  thus  reducing  the  losses 
li\  wi:i(i.im'  to  a  inininniin. 

In  Plate  IV.  arc  givin 
d<-taib  with  the  principal 
iliiiiensions  inserted  of  a  turbo- 
.iMKuno,  built  by  Messrs. 
Hi.iwn,  BovtMi  and  Co.,  for 
an  output  of  500  kilowatts  at 
2^0  volts,  when  nsnninR  at  a 

..ji  i'd    of    2.I1K)    K.  P.   M.  A 

li  u^itudinal  and  an  ind  view 
(.1  th'  raachint'  are  fjiven,  i-ach 
\uw  being  in  h^f- section, 
riio  commutator  and  the  field 
iu.ii;net  of  this  machine  are 
rifirred  to  elsewhere.  Here 
wo  are  more  concerned  with 
till-  armature,  the  core  plafi  s 
i  i  which  are  directly  keyid 
nil  to  the  shaft  to  avoid  any 
t>  ndency  to  shift  at  the  high 
^|l  t  d  at  which  the  machine 
lun.  Such  shifting  might 
tliiow  the  whole  armature  out 
(if  balance,  and  thus  lead  to 
M  rioiis  trouble.  The  diiTiculty 
i  t  ventilating  an  armature  so 
built  is  met  by  piercing  the 
rc  >re  near  the  shaft  with  twelve 
l(.ii.;itudinal  air-ducts,  through 
which  cool  air  is  drawn,  as  will 
be  described   presently.  In 
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addition  in  the  core  length  of  600  mm.,  there  are  no  fewer  than  ten  01 
the  usual  radial  air-ducts.  The  laminations  of  the  core  are  insulated 
from  one  aimtlur  by  tliin  paper  pasted  on  the  iron  sheets  before  the 
core-plates  aie  stamped  out. 

The  shape  of  the  slots  for  the  windings  can  be  sci  n  in  the  cross-section, 
and  it  will  !«■  noticed  that  the  outer  ends  of  the  t(  i  th  are  so  shaped  as  to 
pr()\  i(li>  the  nt  ct  ssary  supports  for  wooden  we(lj,'c's,  with  which  the  windings 
are  In  Id  in  their  places,  a  method  already  described  as  hc'in^  used  in  slow- 
speed  machines.  One  of  the  great  differences  between  all  these  turbii- 
dNTiamo  armatures  and  the  armatures  of  slow-speed  machines,  lies  in  the 
vcrv  caiefullv-dosigned  arrangements  which  have  to  b(>  made  to  keep  tlie 
ends  of  the  windings,  including  the  end  conmctioiis,  in  tliiir  places.  The 
binding  wires,  straps,  etc.,  used  in  the  slow-speed  machines  are  altogctht  r 
too  fragile  to  stand  the  strains  to  which  they  would  be  subjected  at  these 
high  speeds.  In  their  place,  specially-designed  end  aif>s  or  bells  are  fre- 
quently  used  to  prevent  the  displacement  of  the  connectors  by  the 
centrifugal  forces.  These  caps,  obviously,  cannot  be  made  of  magnetic 
material,  and  therefore  iron  or  steel  cannot  be  used.  Instead,  special 
alloys  of  great  tensile  strength  are  employed,  and  the  material  is  disposed 
so  as  to  be  most  effectively  used.  Some  of  the  details  of  these  end  caps 
and  their  method  of  attachment  to  the  revolving  armature  can  b«'  made 
out  from  Plate  IV.,  and  further  iia'ormation  will  be  obtained  from  an 
inspection  of  Fig.  76,  which  is  reprod".red  from  a  photograph  of  an 
armature  oi  a  larger  machine,  designed  for  an  output  of  1,500  kilowatts 
at,  however,  the  lower  speed  of  1,000  R.  P.  M. 

To  enable  the  ventilating  arrangements  to  be  followed  a  complete 
machine  of  this  type  is  shown  in  Fig.  77.  The  machine  illustrated  is  the 
<Mie  to  which  the  armature  of  Fig.  ;()  Ixloiigs.  It  will  be  noticed  both  in 
Fig.  76  and  in  Plate  IV.,  that  the  ends  of  the  magnet  frame,  including 
the  collecting  rings,  are  completely  enclosed.  For  ventilating  purposes  cool 
air  is  drawn  into  the  machine  through  a  chamber  within  the  bed-plate, 
pas>ing  through  ducts  parallel  to  the  shaft,  whence  it  is  drawn  by  the  fan 
blades  seen  in  Fig.  76,  through  the  end  connections  whicli  it  keeps  cool, 
and  then  through  the  core-plate  longitudinal  ducts  to  the  radial  ducts  of 
the  core.  From  these  it  is  discharged  against  the  faces  of  the  field-magnet 
poles,  and  passes  through  the  ventilating  ducts  in  the  field-magnet  cores, 
being  finally  discharged  through  a  chimney-shaiied  ojiening  at  the  top  of 
the  case.  In  this  way  the  machin»'s  are  efficiently  ventilated,  and  can 
stvind  a  1:3  I'lr  cent,  overload  for  f  an  hour  without  injurious  heating. 
Also,  as  none  of  the  cooling  air  passes  over  the  commutator,  no  copper 
dust  from  the  commutator  can  be  drawn  into  the  windings. 

Another  danger  in  these  high-speed  machines  when  wound  for  high 
voltages  is  that  the  potential  difference  between  successive  conunutator 
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segments,  even  when  there  is  only  one  armature  turn  ptr  sigment  it^ay 
be  so  high  as  to  run  the  risk  of  an  arc  across  the  face  of  the  mica  msulation 
devdopiiig  into  a  .l.mgiruus  llash-oviT.  The  Wostinghouse  Company 
minimise  this  risk  by  introducing  internu  diatc  segments  into  the  commu- 
tator connected  to  the  middk  of  the  windmg,  lial£-\vay  across  the  mature. 

The  arrangement  is  shown  diagrammatically  ni 
Fig.  78,  which  is  not  drawn  to  scale.  Between 
the  laminated  core-plates  assembled  in  the  section^ 
A  and  B  of  the  armature  there  is  a  space  c  sulVi- 
ciently  wide  to  allow  tappings  to  be  carried  down 
and  brought  along  the  axle  to  the  additional  com- 
mutator segments.  These  tappings  are  of  small 
cross-section,  not  being  intended  to  carry  the  full- 
load  currents,  and  electrically  the  potential  of  the 
segment  connected  to  a  tapping  is  not  half-way 
between  the  potentials  of  adjacent  segments.  It  is 
also  claimed  for  this  method  that  it  facilitates  commutation  without 
interfering  with  ventilation  and  cooling. 

Double-Current  Armatures.— It  has  been  shown  in  Chapter  XIV. 
■  Volume  1.  (^cc  pages  548  to  552)  that  ordinary  continuous  current 
ar.natures  can  be  Utilised  for  the  production  of  alternate  currents  ol  any 
number  of  phases, 
the  only  addition 
reipiired  being  the 
necessary  collecting 
gear.  Hence  it  fol- 
lows that  if,  in 
addition  to  the 
commutator,  the 
requisite  number  of 
slip  rings,  connected 
to  the  proper  points 
in  the  armature 
winding,  be  pro- 
vided, the  one 
machine  may  sup- 
ply at  the  same  time  ,  .  i. 
both  continuous  and  alternate  currents,  the  latter  of  any  number  of  phases. 
The  same  possibility  has  also  been  referred  to  in  Chapter  XVII.  of  \  olume  I. 
(sec  page  (.-,(.),  Nvh.  n  dealing  with  rotary  converters.  What  is  of  interest 
here  is  that  in  actual  practi.  e  the  necessity  sometimes  arises,  and  doiihh- 
current  machines,  as  they  arc  called,  are  built  for  carrx.ng  out  the  idea. 
An  armature  of  such  a  machine  as  bmlt  by  the  Brush  i-lectiicat 
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Fig.  79.— Double-Current  Armature. 
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Engineering  Co.  is  shown  in  Fig.  79-  Th^  ^^"^  ^^at  the  output  of  the 
machine  is  750  kilowatts,  shows  that  there  is  a  demand  for  large  machmes 
of  this  type. 

The  armature  shown  wiU  give  a  continuous  current  of  1,500  amperes  at 
500  volts  at  its  commutator.  The  axle  carries  also  three  slip  rings  con- 
nected to  points  120  electrical  degrees  apart  on  the  windings.  These- 
rings  will  therefore  supply  three-phase  currents  at  about  360  volts  up  to 
the  full  current-carrying  capacity  of  the  machine,  at  the  periodicity 
corresponding  to  its  speed  and  number  of  poles. 

The  machine  is  essentially  a  rotary  converter,  with  the  A.c.  rings  along- 
side the  commutator,  instead  of,  as  is  more  usual,  being  on  the  other  side 
of  liie  armature.  As  this  is,  however,  a  mere  matter  of  convenience,  aivl 
the  -abject  of  rotary  converters  is  dealt  with  elsewhere,  we  do  not  pr()po>e 
to  give  any  further  examples  of  double-current  machines  here. 

Winding  Operations.— As  an  interesting  conclusion  to  this  section  on 
close-coU  armature  winding.  Fig.  80.  gives  a  view  of  a  bav  of  the  wmding 
shop  at  Messrs.  Mather  and  Piatt's  works  at  Manchest.  The  reader  can 
there  see  various  winding  processes  in  different  stages,  induding.  xnkr  alia. 
the  making  of  the  "former"  coUs  and  their  assembly  on  a  partly- wound 
armature.  The  picture  also  gives  some  idea  of  the  conditions  under  which 
such  work  is  carried  on  in  practice  in  a  modern  and  up-to-date  works. 

Open-Coil  Annatures.— The  features  whidi  distinguish  these  from  the 
ring-  and  drum-wound  armatures  have  .ilready  been  alluded  to  on  page  4,H 
Vol  I.  and  illustrated  by  the  description  of  the  well-known  Brush  arc-light 
machine.  Another  open-coil  arc-light  machine  which  has  played  an  im- 
portant part  in  the  development  of  the  dynamo  is  the  equally  well-known 
Thomson-Houston  machine,  which  had  several  interesting  ingenious  devices 
for  attaining  the  special  objects  in  view.  Partly,  however,  by  the  evolution 
for  central  station  woik  of  much  larger  machines  than  coald  be  conveni- 
ently  built  in  this  form,  and  for  other  reasons  it  has  been  quite  superseded 
by  the  more  modern  machines  we  are  describing  elsewhere.  Readers  who 
are  interested  in  the  historical  dev(  lo].ment  of  the  subject  will  be  repaid  by 
reference  to  the  full  details  of  thi.  machine  given  in  the  last  edition. 

Disc  Armatures.— Fiat  coils,  arranged  on  the  periphery  of  a  wheel 
with  their  axes  parallel  to  the  axis  of  the  wheel,  have  been  successfully 
used  for  alternators-<3.g.  the  Siemens  (FiK.  535.  Vol.  I.)  and  the  Ferranti 
(Fig  537  Vol.  I.),  machines  alrc.idy  described.  Such  a  method  of  wnding 
may  be  appropriately  described  as  a  disc  winding,  but  as  applied  in  the 
examples  cited  it  is  not  available  for  the  production  of  continuous  currents 
on  account  of  difficulties  of  commutation.  Theoretically,  however,  tin- 
essential  condition  of  the  method  is  that  th.'  radial  components  of  the 
coils  are  the  active  parts  of  the  con-luctors,  and  by  taking  these  separately 
and  property  joining  their  extremities  to  one  another  and  to  a  commutator 
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it  ■  i«  been  found  possible  to  build  armatures  of  the  "  disc  "  or  "  wlieol  " 
t\  j» .  in  which  the  conductors  revolve  in  a  multipolar  field  similar  to  that 
(it  the  alternators  re- 
f, d  to.  Faraday's 
uiuinal  dynamo  (Figs. 
45.  .  and  451,  Vol.  I.)  was 
ot  tliis  type,  and  had 
the  further  advantage  of 
,!;  -;« lining  with  a  com- 
mutator. 

Many  attempts  have 
b, '  11  made  to  design  disc 
111.11  liines  which  should 
s;iii-fy  the  requirements 
(if  engineering  practice, 
but  only  \vith  a  modified 
nn  .i-ure  of  success.  In 
till-  majority  of  cases  it 
has  not  been  found  possible  to  dispense  with  the  commutator  and  replaa* 
it  l.\  tli(-  sliding  contacts  of  Faraday's  disc  dynamo.  A  fairly  modem 
( \,iiiij)lo,  Fritsche's  Disc  Dynamo,  was  fully  described  in  the  last  edition  of 

this  work.  The  machine 
was  an  eight-pole  machine 
with  an  armature  54  inches 
in  diameter,  having  iron 
bars  as  nearly  radial  con- 
ductors. It  had  an  out- 
put of  425  amperes  at  115 
volts  when  running  at  the 
low  speed  of  140  k.  p.  m., 
and  similar  machines  have 
Ijeen  built  with  outputs  up 
to  800  kilowatts  at  similar 


FtC'  It.— The  Principle  of  ■  Homopoliir  Dynamih 


volt- 

^1 


's  and  even  lower 


ines  of  this  *  "c, 
dc>.  ,..cu  byDesroziers  and 
built    by    P.ref,'uet,  were 
largely   used   in  France. 
He  8.-M«ne.  F«m..  *o*.g .!»  Su.ta»nr  c«d«ct«..  ^y^^^  machines  the  con- 

dr.n.iiv  were  radial,  and  an  ordinary  commutator  was  employed  ;  some  of  the 
dillRulties  of  connecting  tlie  ends  of  the  radial  conductors  were  most 
ingeniously  overcome  by  building  the  armature  as  two  discs,  which  were 
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afliTwanls  brotight  lop  llior  with  tlic  ends  of  the  conductors  which  reqairo 
to  Ix'  j()ir.;'d  cxactlv  opposiU-  mif  another. 

Tlie  \v.  ii;lit  ctruirncv  of  di-c  dvnainos  is  hi^li  wlien  compared  with 

equivalent  madunes  of  othvr 


S. 


8, 


Fig  8j.— L'lati  inary  Cnnncctions  of  Slip  Ring^  i 
Homuiw>l.ir  Dynamos. 


t\  ii('s.  l-'or  instance,  large  di  e 
niailiim--  liave  been  built  whiili 
have  an  (iiit]mt  of  one  kiiowiift 
]Mr  7.;  II).  <jf  weight  or  ij5 
watts  jicr  lb. 

8j     Homopolar    or  Acyclic 

Dynamos.— The  priMcijile  u-m1 
in  the  Faraday  disc  dyiiann] 
which  enables  it  to  disfjen* 
with  a  commutator  is  that  the 
aeti\i'  cciiuitictors  are  alwa^^ 
cutting  the  magnetic  lines  nf 
force  of  tV-e  field  in  the  same 
ciiuhu  tors  no  rev('r>al  of  E.  M.  r. 

As  remarked  abovf, 


lit-  -i-fei 


i 


direction,  and,  therefurc,  there  is  in  lh( 
to  he  made  uiiidirictional  by  conmuitator  action, 
attem])ts  to  sicurc  this  condition  with  radial  conductors,  as  in  the  Faraday 
tlisc,  ■  '  e  not  been  conspicuously  suc- 
cessful. Better  success  has  however 
been  attained  with  condnctors  ])laccd 
parallel  to  the  a.xle  on  tlie  surface  of  a 
cylinder  or  drum  and  made  to  pass 
continuon-ly  thr(iii,L;li  a  radi'd  and  uni- 
direilional  magnetic  iield. 

Tlie  iirst  practical  difliculty  met 
with  in  designing  such  machines  is  the 
low  voltage  per  conductor  attainable. 
The  fundamental  ecpiation  for  the  E.  M.  F. 
of  each  coniluctor  is 

E  (i-  /  B)  H-  lo"* 
where  V  is  tlie  velocity  of  the  conductor 
in  centirnetri's  per  second,  /  i>  the  length 
of  the  conductor  actual  cutting  lines  of 
force  and  B  is  the  field  flux  in  gausses 
(lini  s  ])er  si]uare  centimetre).  An  easy 
calculation  with  average  practical  values  for  7',  /  and  R  will  show  t!iat  at 
the  most  a  few  volts  only  can  b«'  developed,  and  that  therefore  to  Iniild 
up  a  voltage  of  the  magnitude  ordinarily  used  in  engineeiing  work,  some 
nirtls'-l  mi'.-t  1h-  'l'  -\-i-''d  j-iit  t!-.r  --rj-.avati'  rrijiductnrs  in  series  witli'.'Ut 
the  Connectors  cutting  lines  of  force  in  the  wrong  direction.    The  most 


Fig.        StLtioii  of  a  Homopolar  Dynamo. 
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tiral  solution  hitherto  attained  h.is  Ixrii  by  tising  stationary  con- 
tors  connecting  slip  rings  attached  to  the  ends  of  the  rotating  and 
conductors.    If,  however,  only  low  voltages,  such  as  are  used  in 


troplating  work,  are  re 
( il,   sucli    sfiifs  con- 
i    tors  may  be  dispensed 

w  illi. 

I  lie  RfiKTal  design 
I  I  ]>ti  (i  by  Kennedy,  Noe};- 
.  .itli,  rt  ldmuu  and  others, 
i-  -hown  in  Fig.  8i,  which 
!  Ill  isometric  projection 
I  '  1  macliini'  partly  in 
N  I  th.ii  and  with  a  portion 
nt  the  field  frame  removed ; 
li  '  .u  tual  magnet  frame  of 
>vj\i  a  machine,  showing 
-I'tne  of  the  stationary 
I  liiicctors,  is  depicted  in 
l  i  ,.  82,  .vhich  is  from  a 
I  ii  'i;raph  of  an  actual 
iii.iiliine.  The  active  con- 
ductors, one  of  which  is 


Fig.  85.— Bubonr's  Homopolar  Dynamo. 

■.Ml  by  dotted  lines  at  c  (Fig.  81)  are  arranged  round  the  periphery 
the  armature  core  A,  which  in  these  machines  need  not  be  laminated. 

(  lids  of  the  conductors  are  attached  to  slip  rings  r  r  which  are 
1  carried  by  the  core  or  rotor  outside  the  limits  of  the  annular  magnet 

pole  N  N.  In  Fig.  81  eight  shp 
rings  are  shown  at  each  end  of  the 
space  occupied  by  the  active  con- 
ductors.  For  clearness  these  slip 
rings  are  sliown  separately  and  dia- 
grammatically  in  Fig.  83,  where  the 
eight  black  bands  s,  s,  and  s.  on 
either  side  represent  the  slip  rings 
of  Fig.  81,  and  tlie  fine  lines  r  r 
represent  the  fixed  conductors  of 
Fig.  82.  The  rings  are  marked 
from  a  to  A  outwards  from  the 
central  s])a(e  and  each  active  con- 
ductor on  the  armature  has  its  ends 
D  attached  to  one  pair  of  rings  similarly 
B5.-Bru.h«  on  B«w.  HQmoi>oi»  Drii»u,o.  lettered.    The  fixed  conductors  r  r 

se 
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are  attached  to  consecutive  rint:.  on  cither  side.   Thus  nnf?  a  on  tho 
'  ft  is  connected  to  ring  h  on  tin-  ri.;ht,  .in^      -n  th.  Ht  tu  nn.; 
on  the  ri.'ht,  and  so  on.    The   final   re.ult   is  that   the  eo,u.ul,.: 
,nm,M.l  in  ra-allel  on  each  pair  of  rings  have  th...  gmup^  jmn,,. 
in  MH...    ami  that   the   .in.;   ./         the    r.ght   and   ring  h  on  th- 
h  ft  ^vill  be  the  tenni.uil.-,,  -|-  and  -.  uf  the  system. 

A  sect  11  in,  tak'  1 
from  Noe^'^eratir 

pa{x>r  (1905)'  ■'- 
-iinilar  machine  1- 
L;iven   in  Fii;.  ^t. 
ill  which  both  smi: 
ii[    the  armatuir 
( onductors  and  the 
li\i  (1  'ir  frame  eun- 
(hictors  can 
traced.     A  coni- 
liaiisiin  (if  Figs.  ,Si 
.iiiil   S4  will  alx) 
make  clear  tile  de- 
tail of  the  mag- 
netic  circuit.  !n 
both   the  excitint; 
coils  M,M|  and  M_,M, 
are  wound  concen- 
trically   with  the 
shaft,    and  each 
sets    u])    flux.  ^ 
whose  general 
direction  is  shown 
by  the  closnl 
dotted  lines,  iin' 
cylindric  core  A  of 
the  rotor  is  sur- 
rounded by  a  con- 

tinuous  annular  pole  N  N  from  which  a  magnetic  flux  Hows  radial! v 
inward  The  maLjnetic  circuit  "is  completed  through  the  iron  of  the 
rotor  axi  illy  outwards  beneath  the  slip  rings  on  citner  side,  then  radiallv 
outwards  through  the  idle  air  gai.s  at  either  end.  and  tlirouf;!,  the  c:,. 
necti.^'  yokes  of  the  outer  frame  which  are  pierced  with  large  opeiiin- 
to  Kive  access  to  the  brashes  and  slip  rings  (,src  l-ig.  Sj). 

A  modern  example  of  a  homopolai  generator,  with  inudihcatiuns  in 
mechanical  details,  is  .houn  in  Fig.  .S5,  which  is  reproduced  from  a 


Kg.  «7.-Gei»ral  El«trfc  Comp»iiy-«  Homopolar  Turbo-Dynamo.  500 
Kilowatti,  50  10  6go  Volts,  at  a.ooo  K.  v.  >«. 
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:    ..,.uM-nph  of  a  machine  exhibit..!  at  Olympia  (l...,ul.,n)  in  S.  pt,  n,l.,  r 
M  r     rh.s  marhm.>  was  designed  bv  Mr.  R.  H.  Rarlv.nr.  n,a,K,,in:,  , 
,    M.ssrs.  HomoHar  Machims.    It  i.  int.n.I..,!  I,,  U-  ,hiv,  n  l.v  i  ,ni 
'  Mn..  at  :^,5'»o  R.  P.  M.,  bnf  was  1.  It-,1, iv.  „  at  this  s,h...,1  at  the  exhibi- 
L.\inf?  an  output  nt  =;,„,  ainprr.'s  at  loo  v..lts  or  50  kili.watts  Tlir 
,  .1  .ill  Jimensions  are  2()i  inches  by  2,S  inches  bv  .'Si  in.h.  s  hi-l.  ati.l 
t!.  peripheral  velocity  is  la.Sno  feet  or  ov.t  2  niilc  s  p,.r  ,„i„„t.-  "  Tl'i.  iv 
;i-  •  twchv  cnn.hu-tnis  in  tunn.  Is  in  th.-  arni.Utn.'  i,,,n    an,l  the  axial 
I  i  :.h  c,(  th..  .•.ntr..  pol,.  whidi  fix.'s  the  active  L  ngth  of  tlu-  annatnre 
I1.M..1S  IS  6  md.es.    The  slip  rinps.  twelve  at  each  .-n.!,  ar-  I  in.h 
ui  le  and  are  grmn-ed.    In  the  sr.x.v.  s  hV  tl,..  bm-li,  s  \  \  i.,,,  Vhicl. 
.V,.  n.a.ie  of  a  flexible  c.pix-r  cor.,  with  spiral  arnu>urinK.  an.l  .  rnbrace  a 
.  .M.N  ...M..  f..„t,„n  of  the  periphery  of  each  rinR.    It  is  claimed  that 
till-    liirni   of    brusli  so 
ni' 'Milted  makes  iH-tte-r  con- 
!  ■ '  witli  fh(.  slip  rini,'  than 
t!,'    iiiiin"  0(1111111(111  fdrms. 
1-1  loii^'  flexible  bni>lu.s 
an    liilil  in   place  round 
tliiir  slip  rinps  by  sprin{,s 
]i  n,  tilt'  tension  .if  which 
I. Ill  he  regulated  by  nuts 
and  ^  crews  k  k,  the  current 
being  ?ed  away  to  the  sta- 
lii'iiary  frame  conductors 

llrxibles  1.  L. 

A  number  of  homopolar 
dynamos  of  a  w  ide  range  of 
i.ufput  have  been  built  bv  the  General  Klectric  Company  of  America. 
( iiie  of  these,  for  an  output  ot  5.,u  kilowatts,  is  shown  in  Fig.  87.  It  is 
liiiven  at  2,000  R.  p.  M.  by  a  Curtis  vertical  shaft  steam  turbine,  and  can 
U-  connected  up  to  give  the  abdve  .mtput  at  jiressuies  laiiuiii-  fn.ni 
50  to  600  volts.  One  of  the  magnet  castings  for  tlu-  frame  of  the  machine 
I-  -I.mwii  separately  in  Fig.  88. 

.Many  additional  problems  arise  in  the  design  of  iIk-so  machines,  wlii.  Ii 
consideraHons  of  space  do  not  allow  us  to  dwell  upon  in  .l.  tail.  AiiKnigst 
tli.-e  may  b,.  mentioned  the  collection  of  heavy  currents  from  .surfaces 
iiMviiig  at  .speeds  of  four  or  more  miles  per  minute,  and  the  high  centri- 
fugal stresses  incident  to  such  speeds.  The  armature  reactions  duo  to  the 
currents  in  th..  .active  a  ndiictors,  the  rings,  and  the  frame  conductors  must 
net  he  overlooked.  The  new  problems  have  been  for  the  most  part  succcss- 
fill-,  snhed,  whilst  .some  of  the  i>roblems  which  give  trouble  in  commutatirm 
111  i.  liines  are  absent.  The  reader  who  desires  to  pursue  the  matter  farther 


Fiu.  88.— Cawing  for  Magnet  Frame  of  5oo-liilowalt  Homopolai 
'Itubo-Uynamo. 
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will  find  an  interesting  article  by  Prof.  Ftldmann  in  The  F.lcc/ricinn  of  sist 
August.  ir)()8,  from  which  some  of  the  above  figures  have  been  taken. 

VI  — ARMATIKE  REACTIONS  AND  SPARKI.ESS  Rl'NMNO 

In  the  preceding  volume,  on  pages  50a  to  505.  we  have  shown  Iku 
the  i  xi^tcncc  of  a  current  in  the  armature  produces  a  rcu  tion  on  thv  woik- 
in.t,'  ikia  of  a  generator  bt'cause  its  mapnctic  effect  is  siii'.  ii'(>m'(1  uyon  Ihc 
niaf,'nftic  effect  duo  to  the  excitin,^  coils.    Tlie  ^'ciki.iI  loult  is  thai  IIm 
latter  field  is  twisted  in  the  direction  of  the  rotation  of  tlie  arniatme,  bun 
weakened  under  the  leading  pole  tips  a,  e.  Fig.  479.  Vol.  I.,  and  stieni^thcn.  ■  ■ 
under  the  tiailint,'  pole  tips.    It  was  also  shown  that,  when  the  brushes 
have  a  forward  lead,  the  conductors  round  the  periphery  of  a  closed  roil 
armature  can  be  divided  into  two  f,'roups  {see  Figs.  4S1  and  4SJ,  Vol.  I.), 
one  of  which  has  a  magnetising  eff.ct  directly  opposed  to  the  niagnetisini; 
effect  of  the  exciting  coils,  and  this  group  is  therefore  appropriately  called  th- 
tlcmtii;netising  group.    The  other  Rroup  is  e(]uivalent  to  a  ^olmoid  win - 
core  is  perpendicular  to  the  flux  of  the  field  ma,!,'nets,  and  therefore  it  m.i , 
well  be  referred  to  as  the  cross-magnetising  group.    In  considering  in  nu  i 
detail  the  effects  of  the  magnetic  reartions  of  the  armature,  it  will  U' 
convenient  to  deal  separately  with  these  two  grouj*. 

The  Demagrnetising  Reaction.— This  effect  depends  upon  the  numlx  r 
of  conductors  in  the  demagnetising  belt  and  the  current  in  each  condu-  tor  ; 
in  other  words,  upon  the  demagnetising  ampere-turns.  The  wdth  of  the 
demagnetising  Ix'lt,  and  therefore  the  number  of  conductors  in  it,  vaii.- 
directly  with  tne  angle  of  lead,  which,  as  we  have  already  seen,  defienu- 
upon  the  relative  strengths  of  the  field  magnet  and  the  aiinature  magnet, 
and  in  most  machines  increases  witL  the  load.  The  current  in  the  arma- 
ture conductors  also  increases  with  the  load,  and  therefore,  if  the  demag- 
netising ampere-turns  of  the  laximum  lead  of  the  brus'  s  lx>  gn  at  1I  • 
reaction  will  increase  more  rapidly  than  the  load.  Ilrr.o  the  advantage  of 
a  design  in  which  the  fluctuation  of  lead  from  no  load  to  full  load  is  small. 

The  effect  of  the  demagnetising  belt  is  to  weaken  the  effecli\c  field  as 
the  load  increases,  and  therefore  to  diminish  the  E.  M.  v.  ol  the  machine. 
This  will  in  its  turn  lower  the  p.  d.  at  the  brushes,  which  at  the  same  time 
is  being  still  further  reduced  by  the  increase  in  the  lost  volts  (see  page  514, 
Vol.  I.).  The  double  effect  may  be  very  serious,  and  therefore  in  practice  a 
remedy  is  absolutely  necessary.  Where  interpoles  are  not  used,  two  metlujiK 
are  largely  employed — namely,  compound  winding  and  chord  winding. 

(a)  Compound  Winding. — ^This  has  been  briefly  explained  on  page  6. 
The  principal  excitation  being  supplied  by  a  shunt  winding,  additional 
turns  of  thick  wire  arc  added,  which  arc  traversed  by  the  armature  or  the 
load  current  (see  page  6)  so  as  to  add  to  the  effect  of  the  anipere-tums  of 
the  shunt  winding.    The  ampere-turns  of  these  additional  coils  will  increa^e 
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;yrtK.na  .  ly.  or  nearly  so.  vvUh  the  load,  and  by  properly  adjustini,'  .l.c 
,iH  r  of  turas  the  fall  of  the  p.  d..  due  both  to  the  weakenin,?  of  the 
i  by  the  magnetic  reaction  and  to  fl„.  v,  ;.;  I„.t  xhu.yv^h  ol„nic  rmsI- 
■•.  ran  be  almost  exactly  countci  i.  tc.l  at  all  loa.ls.  Wo  shall  return  to 
Udi.  ial  point  wh.  n  consi '.  linn  rcRulatinf,'  devices  {see  page  177)-  at 
nt  wo  are  concerned  chiefly  with  the  demagnetUing  effect 
The  demagnetising  ampere-ttims  can  be  calculated  easily  if  the  angle 
V  aJ  (A)  be  known,  for  the  whole  angle  corned  by  the  demagnetising 

i'  tnns  is  4X.  which  is  the  fraction      of  the  whole  circumference, 
the  demagnetising  conductors  =>  z  x^, 

2ir' 

the  demagnetising  current  =  J  c.  (in  bipolar  machines), 
the  demagnetising  aaipere-tun»  =  j     x  J  z  x 

2  TT 


c ,  z  \ 


2  IT 


=  0  26     z  X. 


It,  fhercfore.  the  series  coils  be  tra^•e^scd  by  the  whole  armature  current, 
t!r  number  of  turns  to  be  wound  on  the  field  magnets  to  countcilmlaiue 
t'  i~  particular  reaction  would  appear  to  be  irzd  z  X.  But  it  must  be 
rrni,  -nlK  rcd  that,  hocausc  „|  magnetic  leakage,  all  the  lines  passing  throu^ 
ti  magnetising  solenoids  do  not  pass  through  the  armature,  and  therefore 
^  111.  additional  turm  must  be  added  to  supply  the  leakage  lines.  Tliese 
,.m  be  readily  cahulattd  nhen  the  coctficient  of  leakage  (see  page  47)  is 
kiiMwii.  Practical  nieth.-ds  of  applying  the  series  coils  have  already  been 
d.  -rribed  .ui-l  illastratcd  (  w  I'igs.  21  and  25), 

(/))  Chord  Winding.— lliQ  demagnetising  effect  in  a  drum  armature  ran 
al-^  i  1)0  not  only  counteracted,  but  practically  abolished,  by  modifying 
th.  uiiianig  srheine.  •  Referring  to  Fig.  46,  if,  instead  of  connecting  the 
rn  ls  uf  conductors  nearly  diametrically  opposite  one  another,  we  connect 
X I  across  the  front  to  No.  20,  which  is  at  'an  angular  distance  from  it 
nt  ..l.nut  (he  polar  span,  we  have  what  is  kr.  -n  as  chord  winding.  No.  20 
1-  11  connected  across  the  back  to  No.  3,  which  in  its  turn  is  connected 
a  1  .<s  the  front  to  No.  22.  and  so  on.  The  winding  table  for  this  system 
ol  connections  would  be  as  follows  • — 
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Some  of  thf  ...nn.Ttxms  (or  tl.i,  .vM.  m.  m.^r..  .s,«r,al!y  for  the  conduc- 
tor, in  the  polar  gaps  which  are  suppoM,!  tolM.  at  M„  tupan.nH.ttoni  o^ 
tlu-  tit-uic,  are  shown  diaRrammatically  in  Imk-  "»  wl'ul,  the  lu  avy  w..^ 
ripriMi.t  tli.  .  nnnoctions  at  the  front  or  commutator  eml.  and  the  dotted  line>. 
thine  at  th.-  lu,  k  en.l  of  tl>e  armatur..  Thr  ,KMti.ms  on  the  former  roarkcci 
with  a  bbck  dot  on  the  imier  circle  ar.  tho  pla.  rs  to  connected  ta  tlu 
commutator  segments.  In  order  to  show  .  u.r.  ni.  .n  all  thf  ...n.lu.  t,..- 
STonc  con.,„I!h;t,.r  bar  is  su,,,K.ed  to  be  under  each  brush,  the  Ur  jo.nn^ 
to  the  z-^^  cro>.  cotnuctiou  Ining  under  the  ^  brush,  and  the  bar 
w  lire  J     —  Tiifc^  umlcr  tlif  27  — 46  con- 

nettioii  uiukr  the  — 
brash.   {)n  trac  inj,'  th' 
course  of  the  current  ii. 
the   neifihbourhood  »  < 
the  l)iti>lits  it  will  1h 
found  that,  in  the  jxil.i, 
f;ap  at  the  top,  tch 
ducturs  47,  I,  and  ., 
have  forward  current>, 
whilst   coiuluct(jrs  411, 
48,  and  2  have  back- 
ward    currents.  For 
clcaini'ss   the  c(jndur- 
tiiiM  cai  lying  the  Im- 
ward     lUi  rents  aie 
shown  wliite  and  those 
carrying  the  backward 
currents    are  sliaded. 
As  the  currents  are  of 
the  same  magnitude  in 
each  condiu  tor,  the  ma!,'netic  effect  of  the  first  Rroiip  cancels  the  niai^netic 
effect  of  the  second,  and  therefore  these  six  conductors,  whicli  aie  the 
ones  in  the  ordinary  demagnetising  belt,  have  no  magnetic  effect.  The 
same  niav  1h'  said  of  the  six  conductors  at  the  bottom  polar  gap,  and 
thus       the  whole  the  deniat,'notising  effect  is  eliminated. 

The  process  nf  applyinj,'  a  chord  whulin;,'  to  an  aitual  armature  is  shown 
in  Fig.  ()0,  wliicli  represents  a  partially  wound  armature  of  one  of  Messrs. 
Bruce  Pccbl  3  and  Co.'s  d\-namos  intended  to  give  65  amperes  at  2.50 
volts  when  runnini,'  at  J50  k.  r.  m.  in  a  fnur-ixije  field.  The  condui- 
tor  used  is  round  wire,  which  is  cut  off  into  exact  lengths  and  fornud 
reqniret'  '  •te  jn  situ  on  the  .irmalure  core.  There  are  several 
turn-  (if  wire  pe  ti  ,  and  all  the  sections  are  connected  in  series  at 
the  conniiutator  1.         *hich  the  only  joints  in  the  winding  occur.  This 


Fig.  S9.— Dbsna  oTCWd  Wiodliif. 
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I  I  111  of  winiliiiL,'  tJir  arinatiiit'  is  only  umiI  wlu'n  it  is  nt-ccasary  to  have 
-  lavm  I'f  nmductors,  and  where  "iormer"  coil*  or  bar  winding 
w  .iKl  bt>  unmcchanica). 

It  ni.iv  \»  well  to  point  out  luic  that  an  a(l<liti..iial  ailvani  ii^r  of  rliord 
V  ,  .  Iuil;  n  that  tin  (  miini  ttiMN  an-  apiuniably  slmrter  tlian  in  the 
,1  ami  tial  winding  previously  described ;  consequently,  the  idle  rcsLst- 
.v\:    is  reduced.   On  the  other  hand,  there  mmt  be  some  loss  of  e.  m.  f., 

I'm'  nirriMif'i  in  the  conductors  40,  4S,  z\  and      arc  opposed  fo 

I  iiidiKfd  1:.  M.  I'.'s.  Tli.sL-  induced  i:.  m.  f.'s,  however,  arc  generated 
,  l.y  ilif  liuii;.'  of  the  field  outride  the  pole  tips,  and  therefore  with 
u  :  Jc-igned  machines  they  should  be  alniosl  mgligil)lo. 


Fie.  90.— Chord  Wiiulini;  of  a  Iliuce  PctliltJ  Armatur*. 


The  Cross-Magnetisingr  Reactions  and  Commutation.— The  chief 

.  ;i. .  t  .if  thi  se  on  the  ihix  duo  to  the  fit  ld-magnet  coils  is  to  weaken  the 
In  Id  un<ler  the  leading  and  strengthen  it  under  the  trailing  pole  tips.  This 
niav  very  seriously  aSect  the  sparkless  running  of  the  machine. 

\\V  have  already  {see  pai,'c  504,  V"l.  I.)  ■^-hown  that  the  brushes  must  be 
a  Uanccd  in  the  direction  ot  rotation  if  the  commutating  section  during  the 
act  of  commutation  is  to  be  in  what  is  known  as  the  neutral  position — that 
i.-.  tliat  position  in  wliidi  for  the  moment  the  flux  flirouKh  the  section  is  not 
diaiiLjint,',  and  in  which,  tiicieloie,  there  will  be  no  induced  E.  M.  F.  in  the 
s(i  tmn.  A  little  consideration,  however,  will  show  that  this  does  not  fulfil 
all  the  conditions,  for  when  a  coil  is  coming  up  to  the  brush  it  is  carrying 
!t-  full  share  of  the  armature  current,  and  wliilst  still  carrying  this  current 
1'  !-  ^liort-ciicuited  by  the  brush.  The  current  immediately  begins  to 
liic  away,  and  it  has  not  only  to  die  away  to  zero,  but,  if  the  section  is  to 
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be  floctrically  ready  to  swinp  into  the  armature  circuit  on  the  other  side 
as  it  passes  from  under  the  bnish,  it  should  have  set  up  in  it  whilst  still 
short-circuited  a  current  praclically  equal  to  Ihe  current  wliirh  it  will  l.r 
called  upon  to  carry  when  it  is  quite  clear  of  the  brush.  If  this  condition 
be  not  satisfied,  there  will  be  a  more  or  less  vicious  spark  when  the  short 
circuit  is  broken.  For,  if  there  be  no,  or  too  little,  current  in  the  socticu  . 
its  inductance  will  be  sufficiently  high  to  add  an  appreciable  impcdanu 
to  the  main  circuit,  and  as  the  tip  of  the  brush  slips  across  the  insulatiii ; 
gap  there  will  be  a  spark  due  to  the  sudden  change  of  current.  If,  on  tL. 
other  hand,  the  current  in  the  short-circuited  section  be  too  great,  thea 


will  be  a  spark  due  to  the  sudden  reduction  of  this  current  to  the  normal 
value. 

It  is  therefore  necessary  that  before  the  short  circuit  is  removed  the 
section  should  be  cutting  lines  of  iouoi  in  the  new  field,  so  that  the  requisifp 
E.  M.  K.  may  be  obtained  to  generate  the  necessary  current.  In  fact,  llu 
current  curves  just  before,  during,  and  after  the  short  circuit  should  be 
something  like  that  shown  at  x  in  Fig.  91,  though  the  exact  form  between 
the  vertical  linos  ah  and  cd  may  be  almost  iniiiiitcly  varied,  provided  it 
never  rises  above  the  value  c^  cm  the  -|-  side  or  sinks  below  the  equal 
value  Co  on  the  —  side.  In  actual  practice  there  is  reason  to  believe  that 
this  conditibn  is  often  violated.  The  general  shape  of  the  curves,  however, 
will  be  logarithmic,  as  in  Fig.  yi,  and  not  sinusoidal,  as  is  sometimes  erro- 
neously assumed.   The  ideal  curve  is  shown  in  the  thick  line  x.  As  the 
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sli  i  t-circuit  resistance  is  very  low,  only  a  small  induced  E.  M.  F.  is  required, 
a  i  l  this  can  be  obtained  in  a  comparatively  weak  field  of  the  right  kind. 

i;  •  -nine  rcvcr^iiv^  field,  as  it  is  railed,  is  necessary,  ami  tin  u  foie  the  brushes 
i:  t  be  advanced  beyond  the  neutral  position  if  no  other  special  device 
Ij.  .idcipted. 

riie  i»ne  of  short  circuit  is  also  an  imjiortant  clement  in  the  solution, 
.  i  it  is  obvious  that  it  should  be  such  as  to  allow  the  ordinate  of  the  par- 
ti ' xx  logarithmic  curve  whii.h  represents  the  cliant,vs  uf  the  current  to 
h  i\c  the  correct  value,  as  nearly  as  possible,  at  the  moment  when  the  short 
( IK  iiit  is  removed.  If  the  time  be  too  short,  as  in  the  case  of  the  curve  y 
(i  '.  the  reversed  current  will  not  have  reached  its  full  value  before 
tin  >hort  circuit  is  removed.  On  the  other  hand,  if  the  time  be  too  long 
the  current  during  the  short  circuit  as  shown  in  curve  z  will  have  reached  far 
t  liiqh  a  value,  and  the  opening  of  the  short  circuit  will  give  rise  to  serious 
,  .u  king.    It  can  be  shown  mathematically  that  if  the  time  (/)  of  short 

ciuuit  be  about  three  times  the  time  constant  -  of  the  short-circuited 

R 

coil,  the  reversed  current  will  be  equal  to  about  90  per  cent,  of  the  load 

ii.'."  nt  whilst  if  /  be  about  7-5  times  the  time  constant,  the  reversed  current 
w  li  Ik'  within  nearly  one  per  cent,  of  the  correct  value.  The  calculation 
a  - nines  that  a  definite  reversing  E.  M.  F.  is  thrown  into  the  short-circuited 
<\,d  proportional  to  its  resistance.  The  exact  calculation  of  the  resistance, 
which  includes  the  contact  resistance  of  the  brushes,  is  not,  however,  a 
very  easy  matter. 

Now,  it  may  happen,  if  the  cross-magnetising  effect  is  great,  that  the 
fliix  due  to  it  under  the  leading  pole  tip  (a,  Fig.  479,  Vol.  I.)  entirely  or  nearly 
i.Kin  ls  the  flux  in  the  opposite  direction  due  to  the  field  magnet.  When 
tin?  happens  the  reversing  field  disappears  and  sparkless  commutation  is 
impossible  for  any  position  of  the  brushes.  The  magnetic  flux  due  to  the 
cross-magnetising  belt  depends  upon  the  ampere-turns  of  the  belt  or  the 
total  flux  of  current  in  the  conductors.  Hence  it  is  that  we  cannot 
iiirnase  the  output  of  a  dynamo  at  a  given  voltage  merely  by  deepening 
tin;  slots  and  providing  heavier  conductors  to  carry  the  increased  current. 
Sc)oner  or  later,  besides  other  complications,  this  will  lead  to  a  cross- 
magnetising  flux,  which  will  produce  sparking  on  the  «>nunutator  at  all 
Jl()^sible  positions  of  the  brushes. 

Tlie  magnetic  flux  due  to  the  cross-magnetising  belt,  however,  depends 
not  only  on  the  ampere-turns  or  magneto-motive  force  of  that  belt,  but 
ai-i>  upon  the  magnetic  reluctance  of  the  path  provided.  Therefore  a 
mil'  ily  for  the  evil  effects  referred  to  may  be  provided  either  {a)  by  intro- 
ducing an  opposing  or  counter  m.  m.  f.  (magneto-motive  force)  into  this 
magnetic  circuit,  or  (6)  by  increasing  the  reluctance  of  the  circuit.  In 
either  case  the  cross-magnetic  flux  and  its  e&cte  will  be  diminished.  The 
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same  object  can  also  be  attained  by  (c)  special  armature  windings  s  t 
placed  in  the  active  part  of  the  field  as  to  produce  the  neccssar 
revTisitiin  v..  m.  f.  in  the  section  undrr  comiinitatinn. 

(<<)  Counhr  M.  v.  F.  (i.)  Coin/>ciisaliiig  Coils. — To  use  the  first  methuil 
of  balancing  the  cross-magnetising  magneto-motive  force  by  a  count<r 
M.  M.  F.,  a  method  advocated  very  many  years  a^o  by  Dr.  Thomnsoi 
Professor  Forbes,  and  others,  it  is  advisable  to  place  tlie  balancing  <  • 
ciimjHusatinf;  cdII  in  such  a  part  of  the  magnetic  circuit  of  the  disturbin.; 
coil  that  it  shall  enclose  all  the  magnetic  flux  due  to  the  latter.  The  onl\ 
possible  place  where  this  can  be  done  effectually  in  a  bipolar  machine  is 
for  the  CDinpensating  coil  to  surround  the  disturbing  armature  windini;-. 
with  a  coil,  having  a  vertical  axis  in  the  case  shown  in  Fig.  481,  Vol.  [. 
Dilliculties  of  construction  render  this  position  not  easy  to  use,  and  there- 
fore, for  this  purpose.  Dr.  Ryan  and  others  many  years  ago  made  use  of 
the  spaces  between  the  polar  horns  both  above  and  below  the  armature. 

Fig.  92  shows  diagrani- 
matically  the  arrange- 
ments for  one  gap.  The 
comjxinsating  coils  aiv 
threaded  through  tlie 
holes  II';  2  2' ;  3  3' ; 
etc.  In  order  to  obtain 
the  requisite  support  fm 
the  balancing  coils,  the 
polar  horns  are  thickened 
and  the  coils  threaded 
through  the  holes  shown. 

which  arc  lx)re(l  in  them  parallel  to  the  shaft.  These  cc';-^^  being  plactd 
electrically  in  series  with  the  armature,  the  current  in  them  will  rise  and 
fall  with  the  armature  current  which  is  the  disturbing  cause,  and  therefore 
theoretically  by  properly  adjusting  the  number  of  turns,  the  other  polar 
gap  or  gaps  also  being  used,  it  shoukl  be  possible  to  supply  a  suflicient 
number  of  balancing  ampere-turns  to  compensate  exactly  for  the  disturb- 
ing ampere-turns  on  the  armature. 

A  modern  and  somewhat  remarkable  instance  of  the  u.  J  of  compensating 
coils  only  to  balance  the  armature  reaction  is  given  in  the  Parsons  turbo- 
dynamo,  to  which  reference  has  already  been  made  (see  page  87).  A  cross- 
section,  showing  the  magnetic  circuit  of  the  machine,  is  given  in  Fig.  rij. 
It  is  a  four-pole  machine,  with  salient  poles,  and  with  the  magnetising 
coils  well  back  fmm  the  armature,  to  make  room  for  the  polar  extensions 
of  the  core,  whicli  are  necessary  to  carry  the  compensating  windings  without 
unduly  increasing  the  reluctance  of  the  magnetic  circuit.  The  slots  which 
carry  these  windings  are  much  deeper  radially  than  the  armattire  slots,  so 


fin.  9».— PcMitioni  of  Rymn  Balancing  or  Campensatiag  Coili  i 

iVIar  Oap. 


CoKKrc:  'o.v  by  Co.irrf  ysAT/.vr,  Cou.s 


107 


tl..,i  the  compensating  ampcrc-turns  may  bt>  much  prcatcr  than  the  arma- 
tun  nmpore-turns,  whose  maprnetic  effect  they  are  intended  to  neutralise. 

l!  has  Ix'i'H  {(Uind  in  artiial  piactict'  that  if  tin-  ampcro-tnrns  on  these 
(  ;  I  n>atiii,i,'  cnils  arc  two  to  two  and  a-halt  tinu-s  thi'  anipcn-turns  on 
t  iimatuii',  the  machine  will  luu  sjiaiklcssly  with  a  ^3  jx  r  cint.  overload. 
111.  absence  of  the  interpole  diminishes  the  reactions  of  the  compensating 


i29_6_3_o  !  5.  Feet. 


rig.  93.— I,aoa-Kilowatt  Fanoiu  Turbo-Dynamo,  with  CoapeiMkUDg  Wii8iint>  in  Um  Pole  FaeM. 

c<  'iN  when  the  load  is  suddenly  changed.   The  machine  gives  1,000  kilowatts 

ai  5'io  volts  at  1,200  K.  I".  M.,  and  can  co-operate  without  trouble  with  the 
tuibiae  when  the  whole  plant  is  called  ujwn  to  face  a  sudden  overload. 

(ii.)  Interpoles. — By  a  process  similar  to  over-compounding  on  the  field- 
iiuiLinel  coils  the  turns  on  the  coin[)ensatiiig  coils  may  be  increased  lieyond 
till  iiunilier  necessary  to  hahuiK'  the  M.  M.  F.  of  tlie  cross-magnetising  belt, 
siv  that  as  the  armature  current  grows  tlie  cros«  magnetising  M.  M.  F.  may 
be  reversed  and  made  to  produce  the  necessary  reversing  field  referred  to 
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above;   To  assist  this  effect  Dr.  Ryan  intn..ln<-r,l  an  iron  cor.  into  tl, 
balanrint,'  coil  cither  l.y  means  of  a  cast-iron  bridge  across  the  pole  tip-, 
with  a  connimtatin^'  hit,'  and  the  necessary  slots  for  the  coils,  or  by  a  pi^V 
ring  entirely  encircling  the  annalure  and  carryin;.'  the  balancnu:  coils 
properly  placed  slots.    The  essential  features  of  his  methods  have  bed 
revived  in  recent  years  in  tiie  form  of  inkrpolcs  which  are  now  yei  y  vv  .d, 
used  by  most  dynamo  builders.   Machines  of  this  type  have  akeady  beca 


Fig.  94.— Diagram  of  Pol«  Ring  of  Maihtr  and  Piatt  600  Ki 
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referred  to  and  illustrated  in  Figs.  7,  ii,  12  and  15.  A  diagram  of  the 
Dole  ring  of  the  ten-pole  Mather  and  Piatt  dynamo  of  Plate  II.  is  given  in 
Fie  04  in  which  also  the  windings  of  the  shunt,  the  comp.ninduit,'  and  ll.e 
commutating  circuits  are  shown.  The  external  terminals  of  the  machine 
are  at  t,  and  T,  the  former  being  the  positive.  The  shunt  excitation  is 
nearest  the  yoke,  and  is  shown  by  the  winding's  from  to  s.  which  is  t-ou- 
nected  to  t,",  the  negative  terminal,  tluougli  a  regulating  resistance.  Tl,c 
commutating  winding  on  the  intern„!cs  and  the  cumpotindmg  wnuhn.^ 
on  the  main  magnets  are  in  series  between  T,  and  the  terininal  of  the 
«  brush  ring  B  and  the  load  current  therefore  passes  through  the.e 
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1h  iiit,'  run  in  paralkl. 
p.  making  the  cross 
,    ,  ;;i  rtii'lis  fp'in  one  pole 
i    tin'  m'Xt  arc  srcurcd 
\\,:u  removal  ill'  \»A\<  sn 
•    '  tliev  can  be  readily 
n  lied  and  a  ]  'If  \>\^xv 
\\:\\\  its  coils  di-iiiantlcd, 
:■:  I  lie  event  of  a  break- 
,!  \vn,  without  disturbing 
ir-t  of  the  magnet 
,  ,1-  nit-. 

11 11  machine  is  of 
I  i  kilowatts,  and  runs 
.:klrs>ly  with  50  pi-T 
, .  ■ .  .  'Virload  ;  tlif  t<  ni- 
[ii:.iiure  rise  ot  the 
o'lnnuitator  after  run- 
w'.W'Z  ^ix  hot'.rs  at  full 
\.  ^^  is  only  24°  C,  and 
alt(  r  twci  li(nii>  at  J5  per 
overload  is  only 


A  ter- 

This 

in  eclualisint;  main  it  two  or  mure  inarliines 
An  insjHictioa  of  will  ^llo\v  that  the 


iiic-  "n  il^  way  from  the  terminal  x,  to  the  — "  brashes; 
1   1    is  liniuglit  out  where  the  two  win(hiit;s        hnked  up 
;;i.il  is  connected  to 


riie  roniicctions  of  the 
1 11 1  lilts  of  a  shunt-wound 
. !  VI 1  amo  wi  th  series-wound 
vp' 'les  are  al-o  \v(  11 
■  :,  u  n  inl'lale  III.,  which 
J  ,  -  many  details  of  the 
-y  •  -  kilowatt  Cromjiton 
il\;!aino  of  this  type. 
Iliavy  cables,  thri'f'  in 
i  j  Ii  ease,  carry  tlie  cur- 
ruit  between  the  positive  Fis.  95  - 
atiii  ii<  i::itive  brush  riuRs, 

!  the  blocks  A  and  is,  of  which  n  acts  as  one  of  the  external  terminals,  say 
ti,.'  r.'  ;,'.iiive  Tj.  From  the  pusitivi'  blork  a  the  whole  current  of  uic  maclnne 
i<  i  1  n)U!id  the  exciting  coils  of  the  ten  iiiterpoles  to  the  block  c,  which  is 
c.  .  aod  in  its  turn  by  short '  -avy  cabks  to  the  block  D  on  the  magnet 
ii.iiui  which  acts  as  the  positive  tenninal  Tj  of  the  machine;   The  terminals 
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M.iiii  ;iini  Auxtliaiy  I'olo. 


il  Dyiuunot  shuwing 
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of  Ihc  sliimt  circuit  of  the  t  x(  itinu'  cnU  on  the  main  mai,'nct  poles  are  n  ti. 
nectcd  to  small  tcnniiuil  Mocks  v  and  on(>  of  which  is  joined  direct  to  iiic 
negative  terminal  t,,  and  the  other  throii,i,'li  an  adjustable  resistance  plact  d 
between  a  and  h,  to  the  positive  terminal  Mock  T,. 

Still  fuller  details  of  the  jioles  and  corresponding  interpoles  of  a  lari,'e 
machine  are  given  it.  i-ii,'-.  ci5  an.l  <,'..  wliich  have  been  prepared  fi-m 
data  supplied  by  the  International  Llectrical  luigineerinf;  Company  (if 
Liepe,  with  reference  to  a  machine  designed  for  an  output  of  900  kilow;"'!- 
at  the  low  speed  of  no  K.  I'.  M.  The  dynamo  has  fourteen  poles  and  four- 
teen int-.  rpoles,  and  gives  500 
volts  at  no  load,  but  is  over- 
compounded  so  as  to  raise 
the  terminal  P.  D.  to  550  volts 
at  full  load.  The  internal 
diameter  of  the  pole  faces  is 
230  cm.  (90-5  inches),  and 
tlu'  external  diameter  of  the 
yoke,  exclusive  of  the  flanges 
\  A,  is  .^fio  cms.  (143  inches) ; 
the  shaft  where  it  carries  the 
annature  spider  is  5a  cms 
(2o-3  inches) 
in  diameter. 
These  rough 
dimensions 
will  give 
some  idea  of 
the  size  of  the 
machine. 

T  w  o  of 
the  interpoles 

lie  on  a  horizontal  diameter  along  which  and  through  the  pole  cores  the 
magnet  system  is  divided  into  two  halves  which  are  bolted  together. 

This  joint  therefore  crosses  the  main  flux  at  right  angles,  but  is  in  the 
line  of  the  cross-magnetising  flux.  The  axial  section  in  Fig.  03  is  ingeniously 
drawn  to  give  the  particulars  of  both  a  main  pole  and  an  auxiliary  pole. 
On  the  left  of  the  line  x  y  the  section  shows  half  of  one  of  the  main  or 
principal  poles,  the  cross-section  at  right  angles  to  x  v  of  the  complete 
pole  being  shown  at  A  in  Fig.  ijO.  The  pole  cire,  as  will  be  seen  in  Fig. , 
is,  in  cross-section,  rectangular  with  semi-circular  ends,  being  485  nim. 
(i'()  i  inches)  long  and  275  mm.  (lo  S  inches)  wide.  On  the  right  side  of 
the  line  x  v  in  Fig.  05  is  shown,  in  section,  half  of  one  of  the  interpoles, 
the  full  cross-section  of  which,  at  right  angles  to  X  Y,  appears  at  B  in  Fig.  96. 


("r  ss-Section  of  the  Core* 
oi  ihi.'  M.iiii  ami  Auxiliary  foks  in 
the  V.\ig<t  iJyiiamo. 


Details  of  JxrcsrotEs 


III 


i  cross-section  also  is  rectangular,  with  senii-cirrul.ir  ends  ;  it  is  250  mm. 
(  S5  inches)  long  and  75  mm.  (2  <)5  inches)  wide.  The  sections  .\  and  B 
,  in  (.iinct  aliL,'niiunt,  except  laterally;  the  Ixittum  of  the  diagram  is 
t  A, lids  tlie  cumiuutator  end  of  the  machine  and  the  front  edge  of  each 
r.  iv  lies  in  the  same  vertical  plane.  The  iiiterpnl<'  is,  tluK  tun'  at  the 
ininmutator  end,  and  only  covers  about  half  the  length  of  the  armature 
M  n.  Both  cores  project  inwards  from  the  yoke  ring  and  arc  provided 
■  laininateil  pole  faces  about  ,')5  mm.  thick,  screwed  on  as  shown.  Tin' 
lii-tance  from  the  yoke  rint;  to  the  pole  face  is  50  cms.  (ii)'7  im  hrs),  .ind 
piovides  ample  winding  space  for  tlie  coils,  lH)tli  series  and  sh.ui.t.  i  lie 
wiiKhngs  are  separated  from  the  core  by  distance  pieces  (a,  l-ig.  ()0), 
1-  .i\  ing  ample  space  for  cool  air  to  pass  throiigh  and  carry  away  the  heat 
l;i  iirratid,  the  air  being  set  in  motion  by  bi  ini.;  driven  outwards  thr<in;^li 
thi'  wide  ducts  of  the  revolving  armature,  acquiring  thereby  a  radial  velocity 
which  will  tend  to  carry  some  of  it  through  the  space  referred  to.  The 
uiiicHiigs  of  ihe  intt'rpi  "es  apjicar  to  Ix;  in  two  layers  (Fig.  96),  and  clost-r 
In  I  lie  cores  ;  they,  of  course,  carry  tlie  load  current. 

I'here  are  other  interesting  details  in  Fig.  (15,  but  as  corresponding 
(k  tails  in  other  machines  have  been  fully  explained  elsewhere,  the  reader 
will  find  it  interesting  to  examine  the  drawing  carefully  without  further 
I  xpl.mation  here. 

Turbo  -  Dynamos. — As  remarked  later  (sec  p,  114),  it  is  usually 
found  necessary  in  dealing  with  the  conunutation  and  armature  re- 

,11 1  ions  on  turbo-dynamos  to  employ  both  compensating  polar  windings 
,111(1  interjwles.  This  is  notably  the  case  in  the  higher-speed  machines 
of  large  output,  the  wound  field  frame  of  one  of  which  is  shown  in 
Fig.  97.  The  machine  of  which  this  forms  a  part  is  a  Westinghouse 
four-pole  800-kilowatt  turbo-dynamo,  and  both  the  compensating  wind- 
ings and  the  interjjoles  are  very  clearly  illustrated  in  the  figure.  The 
pole  shoe,  which  is  built  up  of  iaminated  iron,  is  jx'rforated  lor  the  com- 
jH'nsating  windings  throughout  its  whole  extent,  and  not  merely  at 
1''e  ti[)s,  as  shown  diagrainmatically  in  Fig.  02.  The  carcase  of  a  much 
smaller,  but  somewhat  similar  machine  constructed  by  Messrs.  IJrowii^ 
Hoveri  and  Co.  has  already  been  depicted  i.;  Fig.  8.  In  the  Westing- 
house  machine  (Fig.  97)  there  are  no  fewer  than  si.xtcen  slots  or  tunnels 
in  each  pole  for  these  windings,  these  tunnels  being  groujKd  half  and  half 
with  the  corresponding  tunnels  in  adjacent  jxiles  to  receive  tlu'  windings. 
Tlie  problem  of  connecting  the  conductors  in  corresjxmding  slots  requires 
careful  attention  in  view  of  considerations  of  space,  and  the  forces  which 
m.w  be  called  into  jilay  when  in  use,  esjHTially  i*  a  short  circnit  should 
■  1  111.  In  Fig.  <)7  one  half  the  conductors  (four  in  each  gr:>uj))  come  out 
'  iiL^ht,  and  heavy  segmental  straps  a  a  are  used  ior  connectors,  whilst 
tiie  other  four,  those  nearest  the  pole  tips,  are  joined  up  by  connectors 
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bent  outwards  towards  the  yoke,  as  ran  be  seen  at  h.   The  windings  for  th. 
interpoles.  the  coil  of  which  can  be  niade  out  on  the  r.^ht-hand  bottom  core, 
do  not  present  similar  difficulties,  whilst  the  main  .xe.t.nK  coils  m  m  1, 
back  atrainst  the  yoke  in  their  usual    -sitions  on  the  main  projecting  core-. 

As  a  further  .-xample,  Fif,',  <»s  depicts  the  wound  field  magnet  of  one 
of  Messrs    Urown,  Hoveri  aiul  Co.'s  turb:>-dvnamos.    The  machme  is 
bipolar,  and  has  an  on-^.ut  of  t  -.^  kilowatts.    It  is  interesting  to  compar.. 
*^  the  devices  u-i  r 

in  this  ca.se  u 
secure  the  end 
connections  oi 
the  main  field 
and  compensat- 
ing ooils  with 
those  used  in 
Fig.  97.  In 
Fig.  98  there 
apiK-ar  to  b«- 
thirteen  slots  i:i 
each  pole  fan 
for  the  compen- 
sating windings, 
and  each  :lot 
contains  two 
[windings.  There 
are,  therefore, 
thirteen  connec- 
tions to  bi 
brought  ovt  1 
from  left  to  right 
for  each  set  of 

Fig  ,.._rield  Windingof  W«tinghou.e  rour-Pote  800.KII0W.U  Tnrbo-Dynamo.    Windings,  and 

these  connec- 
tions are  neatly  arranged  back  against  the  sides  of  the  core  plates,  being 
firmly  held  in  place  by  proper  cleats.  The  main  fiild  being  horizontal  the 
connections  for  its  windings  are  vertical,  and  they  can  be  plainly  seen  on 
the  right-  and  left-hand  sides  of  the  figure  where,  on  the  horizontal  diameter, 
they  are  very  securely  anchored  to  the  frame.  There  appears  to  be  no 
separate  winding  for  the  two  interpoles,  which  lie  on  the  vertical  diameter, 
but  these  interpoles  are,  of  course,  excited  by  the  compensating  windings, 
and  thus  assist  the  commutation  in  the  manner  akeady  explained. 

With  the  compensating  coils  so  widely  distributed,  the  distortion  of 
the  field  due  to  armature  reaction  is  very  effectively  prevented,  whilst 
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t!  ^  prcf<  nce  of   flu-   intcrixilar  prnjt  ctiims,  with  or  without  windings, 

0  iicentrates  on  the  neutral  zmic  a  reversing  field  which  ensures  excellent 
(  :iimutation.  Both  sets  of  coils  act  primarily  by  introducing  a  counter 
M  M.  F.  into  the  cross-magnetic  circuit  of  the  armature,  and  both  devices 

1  Irr  higher  excitation  necessary  on  the  main  colls.  Jlii  iiu,.^  as  regards 
li;.  compensating  coils,  to  the  increased  reluctance  of  the  main  magnetic 
,  ir  ait  caused  by  the  removal  of  so  much  useful  iron  along  the  whole  face 
,,t  ill!'  p>les,  though,  per  contra,  the  reluctance  of  the  cross-magnetic  circuit 

still  more  seriously  increased.  The  interpule  in  its  turn  acts  as  a  shunt 
to  the  main  magnetic  cir- 
cuit, and  therefore  a  some- 
\\li;,t  higher  excitation  is 
rii|uired  to  provide  the 
nicessary  useful  flux 
til  rough  the  armature. 

!t  is  worth  noting  that 
ll;.'  whole  field  system  of 
l  iir.  ij7  is  divided  hori- 
/cntally,  the  two  halves 
1>.  int;  bolted  together,  and 
tint  the  dividing  plane 
[u>ses  through  the  mid- 
section of  two  of  the 
main  magnet  cores.  In 
t!i< -e  cores  therefore,  the 
nhi  taiice  of  the  joint  is 
t  r.'>  consequence,  as  its 
i  ;  .ne  lies  parallel  to  and 
n  t  across  the  magnetic 
liux. 

Finally,  further  particulars  are  given  in  Fig.  qq  of  the  salient  pole 

t\  !'  (i{  turbo-dj'namo  field  magnet,  built  by  the  Brush  Electrical  EnRineer- 
i: .:  Company,  which  has  already  been  brieflj'  referred  to  on  page  14 
(1  u'.  7).  Fig.  99  is  a  longitudinal  section  of  the  machine,  and  gives 
i  !,iilf  of  the  main  poles  and  interpoles,  the  former  in  the  upper  half  of 
tii^nirc,  and  the  latter  in  the  lower  half .  Of  course,  these  poles  are 
i  1  'liametrically  opposite  one  another,  but  it  is  convenient  and  instructive 
t'l  ^llow  them  in  the  same  drawing.  Note  should  be  taken  of  the  very 
simple  type  of  pole  shoe  attached  to  the  interpoles  as  compared  with  the 
t  l.ilxirately  designed  and  laminated  {X)le  .^hoe  on  the  main  {K)les,  these 
p  le  -hoes  being  held  together  by  rings.  The  slots  in  the  latter,  of  which 
t!  1  !•  are  sixteen  in  each  pole  face,  carry  the  compensating  winding  referred 
*  u!  I've.  It  should  further  be  noted  that  the  actual  winding  on  the 
60 


Fig.  9S.— Field  Winding  qf  Brown,  Bomt  Bipolar  ijJ.KilowmU 
Taibo-Dynaaia. 
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,nt.  r,v,l.  .  ronf,no.l  to  a  cmparatively  .lu.rt  depth  of  the  core  imn,.  ■ 
d  at  iv  bchiiul  tl,..  ,.ol.  .I....-,  the  rest  of  the  core  be.nR  covered  w  th  a 
i^^l'n^Weve.  Tl!-  .nt.rp.le  excitation  i.  th.  n.fo.-.  approx^.^;^  .a 
thTtame  cyUndr.c  bc^lt  as  that  of  the  c..iniHn>at.nK  c..il>.  Attcntmn 
n  V  1-1-  dV;;tn  to  the  nuHH^.  and  wide  ventUatin,  .hu  ,s     ,  u  jn, 

cooling  air  against  tlie 

•(•  shoi  >;uul  theeoi;;- 

■isatiii^'  \vin(hnK>- 
Excitiitiono/'Jitr!- 

ny namos.— It  will  ho 
f,Mthered    from  the 
tiiret,'iiiii,i,'    that  in 
many  lurbo-dynani'  S, 
more  esp*H:ially  tlicst 
which   present  a 
siniioth  cyUiulric  sur- 
face to  ihe  revolving 
armature,    there  an 
three  sets  of  winding's 
tl.  1h'  pniviili'd  for  'H 
the   stationary   Ik  Id- 
magnets.    These  arc 
(i.)    the    main  fi<ld 
shunt   win(hnf,'>,  (ii.) 
tlie  compi'iisatmg  an.l 
int(.rpt)le  series  wind- 
inf,'#,   and    (iii.)  the 
compound  series  wind- 
ing.    The  winding 
scheme  has  therefore 
to  be  almost  as  care- 
fully  worlced  out  as 

^^^HB^^^H^H^^^^^^^^^^^™   winding  scheme  for  the 

Fig.  5<,.-S«.ion  of  M.gn.t  of  Bru.h  ,5o-K,lo«aU  Turbo-Dyn.mo.  ^^^^^^^^^^ 

The  scheme  of  winding  used  by  Messrs.  ^-^-^'^^^^^^'l 
four-pole  machines  similar  to  that  whose  carcase  is  il  ustratul  in  1 
s  shmvn  TfI'.  too,  which  is  a  diagram  of  the  radial  type        page  , 
ap^d  in  this'case/not  to  an  armature,  but  to  a     M-agne  wu.^^^^^^^^^ 

Z  narrow  slots  are  re^^^^t'^f^^^'f^l  .'^l  ':^ 


s   s  7d'ti;7wid;^  stots  by  the  rectangles  s,  s   wUh  circular  end. 


FiFt  "    \/l(  \FT    ll'/Xll/.\i  '   <>/■    TfKl!.<  f)v\ WOS 


[.  !.  s.   The  lerminal  connections  for  this  winding  and  tlic  intrr-ronnortions 
nut  shown.   The  comffHsation  ipindhi^s  are  <h  ■\vn  Iiv  the  nmtinuims 

.   \sliirli,  startiiiK  from  the  terminal  T,.  ran  he  Irai  ■  ■!  1li>-  diagram 

t  ■  tlie  terminal  T..  It  will  l>o  found  that  tliis  winding  in  li'iir  i  hief 
tions  symmetrical  as  regards  the  intcriN>]cs  />,.  /»„  and  />,.  Kach 
,  .  ,  (  section  ciinsists  of  two  series  of  nine  bars;  om-  ric--  in  whiih  llu- 
ii  bars,  shown  by  long  r.idial  lines  project  straight  ont  at  b  itii  t  nds  to 
11,1  i  t  tlie  circular  connectors  K,  K,,  and  the  other  series,  in  which  the  nine 
i>ars,  shown  by 
-linrt  radial  lines, 
i;,  jifiit  over  at 
tin  ir  ends  so  that 
the  circtdar  con- 
]:■  t'  ls  K  lie  closer 
:  .  till'  core  and 
;  behind  thr 
j  i  jcding  bars  ot 
the  other  scries,  j 
I'x.ept  at  the  in-  i 
ti'rjK)lcs,  there  is  ', 
ime  bar  of  each 
kitid  ill  each  slot, 

ivl  72  bars  in  all. 
I  i-tly,  the  com- 
fi'inid  winding  is 
sliown  by  the 
(1  iitcd  line  n  l  m 
uliK'li  lies  between 
the  terminals  x 
ji!  1  Y.  There  are 
niilv  finir  bars  in 
winding,  the 


1.1  w;,,,lin;  f-r  n  Tiirl.. 


FiR.  loa— DUgram  of  K.mr  P      KIrlil  \v:i,ilin;  f  r  r\  Tiirli'i  riynamo. 

(iirrcnt  through  which  gives  a  magnetic  field  cf)incident  in  position  with 
t!iat  of  the  main  field.   This  current  is,  of  course  a  series  current. 

One  (if  the  results  of  the  presence  of  a  powerful  comix'nsatiiii^'  field,  with 
]\-  windings  distributed  all  over  the  face  of  the  {)olcs  of  the  main  tield,  is 
that  if  the  machine  be  run  in  parallel  with  other  machines,  there  is  a 
<l;ini,'ei  of  the  direction  of  its  field  lieing  reversed,  Slumld  this  happen,  the 
in. I,  hine  would  commence  to  run  as  a  motor,  and  in  a  few  seconds  would 
attain  a  dangerous  speed.  To  avoid  this  danger  some  manufacturers  arrange 
t '  have  the  machines  separately  excited  either  from  a  suitable  source  of 
.iy,  or  from  a  special  exciter  built  upon  the  shaft.  In  i'ig.  loi  is 
shown  a  dynamo  shaft  of  one  of  Brown,  Boveri's  turbo-dynamos  with  an 
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ex.  iter  armaftire  on  the  rommntator  end.  A  complete  machine  with  tl 
exciter  carried  on  a  brae  kot  on  the  end  pedestal  is  illustrated  later  (lig.  17-) 

(b)  Increased  Reluctance. Siw  v  thr  .  ioss-„kil;iu  ti-ing  Hux  (w  l-if,'.  4, 
Vol.  I.)  is  at  right  angles  to  the  field  flux  in  the  ncn  of  the  iK.le  puces,  it  , 
obviously  p.«*sible  to  increase  the  reluctance  of  one  imlh  without  serJoiM 
interlering  with  the  reluctance  ol  the  other.  Thas,  as  shown  diagran, 
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riti 


Wfft- 


rig.  .0..-  Main  an  i  K.u.«  Armature,  oo  •««  Staft  rf  .  B,»«n.  Bo»«i  TurU>  I>y».mo. 

maticallv  in  Fig.  102,  a  series  of  slots  parallel  to  the  shaft  of  the  machine 
S'n  the  direction  of  the  n.a,n  .lux  wUl  have  htjle  ,  fj„  .  on        1  ■ 
whilst  they  w-ll  Ue  across  the  aoss-magnetising  path  and  add  cn..-ul.  u. 
to  its  reluctance,  with  the  result  that  the  lines  will  be  forced  in  gn.r 
numbers  back  across  the  working  air  ^ap  into  the  armature  iron  be  .10 
they  reach  the  trailing  pole  horn.    In  addition,  the  total  cross-flux  will  h 

reduced  m  pidiiortuiu  In  ' 
increase  in  the  reluctant 
Some  makers  are  content 
with  a  sini^lo  sldt  either  in 
the  middle  of  the  pole  fa  •■ 
or  "tear  the  leading  horn, 
whilst  in  machines  of  W-x 
Manchester  type  (Fi.t;.  4  .i  , 
Vol.  I.)  increased  leluctum  c 
in  the  cross  -  magnetisiiii; 
path,  besides  a  saving  of 
inateiial  wliore  it  is  not  in- 
quired for  the  main  flux,  is  obtained  by  a  deep  V-shaped  depressi.  11 
behind  the  pole  piece.  Such  depressions,  though  scarcely  deep  enongh  f.  r 
our  present  purpose,  are  shown  in  the  multipolar  field  magnet  ci  ^  ^c^-.  . 
and  39.  It  is  obvious  that  the  slots  in  the  main  pole  faces  cf  interpcl.  : 
machines,  which  have  been  fully  described  ab  .ve,  hav.;  the  same  magnetic 
effect  ai  Uie  much  earlier  designed  unwound  slots  of  Fig.  102. 

Instead  of,  or  in  addition  to,  the  increase  of  the  total  reluctance,  it 
possible  to  increase  the  reluctance  locally  at  any  particular  part  of  tic 


Fig.  101.  -  Incrf.iM:  of  Cross-Magncl 
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r    uit  where  the  (listurbiiiR  flux  is  specially  prominent.    Siirh  plarrs  art- 
•  Kiiisly  (see  Fif;.  480,  Vdl.  I.)  at  the  trailing  horn«s,  and  a  favourite  method 
-liaju'  llifso  f railing  hoi  11s        ially  so  that  whilst  iiivini,'  r-,     .id  distri- 
1  .  i.in  at  no  load  they  are  then  nearly  saturated.    Therefore,  *hen  the 
-magnetising  flax  comes  on  as  the  load  increases,  the  hi|>h  reluctance 
I  ;  thise  projcctiuri'   lams  bai  k,  as  it  wen',  the  flux  fiom  Wwm  and  throws 
]!  I  vk  info  the  t!ii(  k  polar  facts  in  thnct  line  with  tlie  peneial  Ihix.  Another 
I,    in"!  IS  to  iiKTiase  tlic  h'nf;tii  of  the  air  f,'ap  at  the  polar  horn,  thus 
11;  it  a>ing  the  reluctance  there  and  turning  back  the  cross  flux  to  the  more 
t.iitral  regions. 

These  methods  of  dealing  with  the  difficulties  of  commutation  are  of 


Fig.  loj.  t'ig.  W4. 

Sactiona  of  Iba  JduMBn-Lundell  Dynaaa. 


„'i.at  interest,  and  are  still  used,  notwithstanding  the  greater  popularity 
.  !  Mil'  iuterpole  imthnJs.  Some  examples  from  actual  machines  will  make 
tli.  Ill  clearer,  and  we  give  first,  in  Figs*  103  and  104,  illustrations  ot  tlie 
111.1  uetic  circuit  of  a  Johnson-Lundell  multipolar  generator.  Fig;  103  is 
,1  ' !  i53-section  through  the  centre  of  the  poles  and  at  nght  angles  to  the 
whilst  Fig.  104  is  a  cross-section  through  the  axis  and  the  central 
.  i;i  in  the  cores.  The  cores  and  ix>le  faces  are  built  up  from  sheet-iron 
-•  I  sjiings  of  the  shape  shown  in  F"ig.  103,  these  rtampings  being  clamj  id 
t  ■  ilier  by  the  Iwlts  as  shown.  The  rcsnl'  is  a  cure  practically  divided 
ii.:  .  two  parts,  a  and  h,  by  a  deep  slot  pi.i^iiel  to  the  slum  of  the  machine 
aii  I  a  ^wle  lace  with  a  slight  projection  beyond  the  line  of  the  core  on  the 
iwi  iiiig  horn,  but,  on  the  trailing  horn,  with  a  long  projection  I  tumctl  up 
bii^'atly  at  the  end  so  as  to  widen  the  air  gap  there.  The  (^untity  and 
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ptrmo.ibility  cf  the  iron  us(  d  is  smh  that  at  no-load  thoro  is  a  fairly  uni- 
form distribution  under  the  pole  face  throughout  the  air  gai\  as  shown  by 
the  line  ciefxa.  Fig.  105,  in  which  the  flux  densities  are  plotted  vertically 
and  the  positions  horizontally.  At  this  stage,  however,  the  flux  density 
in  the  projecting  lug  /  is  on  the  Hat  jiart  of  the  magnetisation  curve  (s.c 
Fig.  40),  whilst  the  density  in  the  core  is  fairly  well  down  on  the  stup 
rising  part.  Consequently,  when  the  load  comes  on  and  the  cross-magne- 
tising flux  cklfh  added  to  the  no-load  flux,  the  result  is  the  curve  c  g  hf, 
in  which,  althouL;h  the  flux  at  the  trailing  horn  is  increased,  there  is  very 
little  effect  on  the  flux  at  the  leading  horn.  The  positions  of  the  extremiti.  s 
of  the  leading  and  trailing  pole  tips  are  marked  by  the  points  A  and  n 
respectively.  The  dip  in  the  middle  of  the  cur\'e  c  g  A/  is  due  to  the  high 
reluctance  of  the  central  slot  and  its  deflecting  action  on  the  flux.  The 
general  result  is  that  the  reversing  field  near  the  leading  polar  horns  is 


Fig.  105  — Flux  Densities  in  the  Air  Gaps  of  Johnson  Lundell  Dynamo. 

not  disturbed  by  increase  of  load,  and  therefore,  when  properly  adjustd 
for  reversal  in  the  original  design,  the  machine  runs  sparklessly  at  all 
loads  with  nearly  fixed  brushes.  It  is  obvious,  however,  that  a  stronger 
rever>ing  field  is  required  at  full  load  than  at  light  loads,  and  that  there- 
fore (or  equally  faultless  ruiiiuiig  the  lead  imist  be  slightly  increased  as 
the  load  increases.  Fig.  106  gives  a  persix^ctive  view  of  the  carcase  of 
the  field  magnets  of  the  machine,  and  shows  some  additional  details  (  f 
construction.  A  thin  iron  sheet  appears  to  be  slipped  over  the  jxikir 
stampings  covering  up  the  wide  central  slot,  and  there  arc  projecting  Iuks 
on  the  end  plates  to  assist  in  holding  the  magnetising  coils  in  position. 

Very  interesting  applications  of  theoretic^  principles  in  dealing  with 
prol)leins  connected  with  the  cross-magnetising  flux  were  made  by  Messrs. 
D.  Hruce  Peebles  and  Co.  in  their  early  forms  of  dynamos  and  motors. 
Although  these  have  now  been  generally  superseded  by  the  method  of 
interp  )les,  they  are  still  of  such  interest  as  to  merit  a  brief  reference  as 
showing  how  thewv  can  be,  and  has  been,  applied  to  practice. 

In  these  machines  the  method  used  cjusisted  in  throttling  the  cross- 
magnetising  flux  by  a  central  gap  through  the  a)re  of  the  field-magnetising 
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,  il,  and  also  in  modifying  it  at  the  polar  horns  by  specially  shaping  the 
I  tips.  Fig.  107  gives  the  details  of  the  field-magnet  part  of  the  magnet 
I  u  nit  at  one  jx)lo  of  a  four-imle  nuuliino  which  hail  an  output  of  66  kilo- 
waits.   There  is  a  central  slot  m  the  pole  core  extending  throughout  the 


-'  r" 

Fig.  106.- Ficlii-Magnet  Carcasi?  of  Johnson  l.unikll  Dynamo. 


fuid  casting  from  the  yoke  to  the  added  jwle  face.  The  i>olc  face,  which 
i-  screwed  on  to  the  core  by  countersunk  steel  screws,  has  projections  at 
liorns,  and  the  proportions  of  \\w<v  projections  and  the  width  of  the 
air  gap  were  finally  detcrmimd  by  experiment  so  as  to  obtain  the  best 
tffect  for  each  standard  machine.  In  large  machines  the  leading  and 
trailing  horns  wxre  not  symmetrical,  tlie  latter,  for  reasons  set  fortli  above, 
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projecting  much  more  than  the  former.  The  66-kilo\vatt  pole  piece  of 
Fig.  107,  however,  has  the  leading  and  trailing  horns  exactly  equal,  allow- 
ing the  machine  to  be  run  as  a  motor  in  t  itlier  direction.- 

The  method  of  applying  the  pole  faces  is  worthy  of  notice:  A  cast- 
iron  ring  of  the  ro- 
quirt'd  diameter  and 
width,  and  of  a  thick- 
ness determined  ori- 
ginally b;,  experiment, 
was  cast  in  two  halve- 
to  corrcspi'iid  to  tin 
steel  case.  This  rinf; 
was  carefully  machined 
and  accurately  fitt»'l 
to  the  bored  polar 
ends  of  the  cores;  It 
was  then  cut  through 
between  the  poles,  con- 
necting webs  being  left 
at  the  two  edges  as 
shown  diagrammatic- 
ally  in  Fig.  108,  which 
represents  the  pole  rinj; 
cut  through  and  laid 
out  flat.  The  jx)!'' 
tips  were  given  the  correct  shape,  and  the  ring,  when  screwed  on  to  tho 
pole  cores,  held  the  magnetising  coils  in  their  places.  The  conncctini,' 
webs  ga  2  stiffness  to  the  whole,  and  their  magnetic  short-circuiting 
was  slight.  The  pole  ring  as  placed  in  position  in  a  six-pole  dynamo  can 


Kig.  107.  — Pole  Face  and  Slotted  Core  of  a  Bruce  Peebles  Field  Magnet. 


Fig.  ua.— K>li  Ring  ia  Bnct  PmUci  Dynaaob 


be  clearly  seen  in  Fig.  109,  in  which  the  shaping  of  the  pok  tips  can  also 
be  made  out. 

In  the  larger  machines  the  bobbins  on  which  the  magnetising  coils  wut 
wound  were  made  of  cast  iron,  thus  adding  to  the  magnetic  circuit  addi- 
tional magnetic  material  of  low  permeability,  usually  referred  to  as  an 
auxUimy  magndic  circuii,  Thex  bubbim  with  their  heavy  flanges  mated- 
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a  A  affected  the  flux,  they  became  saturated  at  low  densities  and  promoted 
t.i  ^-parkless  running  of  the  machine. 

As  a  contrast  to  these  now  historical  methods,  Figs,  iio  and  xxz  |^ve 


P!g.  109.— Field  HacaM  ihawini  Fiii*  Riot  !■  Fon'tbo. 


di  tails  of  correspondinf;  parts  to  Fig?.  107  ;ind  108,  as  used  in  the  machines 
which  have  succeeded  therai  In  tliese  figures  we  have  sections  of  the 
magnet  core  and  pole  tips  of  a  motor  boilt  by  Messrs^  Bruce  Peebles 


Cig.  110.— Seclion  Perpendiculu  to  Shaft.  Fig.  iii — longitudinal  Section. 
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and  Co.,  which  is  to  Rive  60  h.  p.  at  400  to  800  r.p.m.  The  core  is  sohd,  but 
the  polar  face  is  laminated,  and  tlie  pole  tips  are  carefully  chamfered  off  tn 
give  a  widening  gap  at  the  leading  and  traihng  horns.  In  Fig.  112  a  who], 
magnet  ring  is  shown,  including  the  series-wound  interpoles,  which  have 
rendered  the  devices  previously  described  unnecessary.  This  ring,  however, 
is  for  a  large  machine  having  an  output  of  500  kilowatts;    The  use  aii-l 
theory  of  these  interpoles  is  elsewh- ve  described  {see  pages  107  to  iii). 
Another  good  example  of  devices  used  before  interpoles  became  fashion- 
able is  illustrated 
in  Figs.  113  and 
114,  which  repn - 
sent  diagrammatic- 
ally  a  form  of  pole 
face  used  by  the 
International  EU  i  - 
trical  Engineerint; 
Company.   Here  a 
special  laminated 
pole  face  \v  a< 
screwed  on  to  a 
solid  circular  cor<>, 
on  which  the  maj;- 
netising  coils  were 
placed.  The  lamin- 
ations of  this  pole 
face    were  alter- 
nately   long  and 
short,  and  shaped 
as  shown  at  d  6 
and   c  d  respect- 
ively.   They  wen 
assembled  to  the 
required  number, 

and  firmly  bolted  together  between  the  short  thick  end  plates  A  A.  The 
effect  of  the  construction  was  that  the  longer  polar  tips  had  only  half 
the  permeance  of  the  pole  face  farther  back,  even  if  the  permeability 
were  the  same ;  but  as  the  flux  density  would  be  hi0ier  the  permi  a- 
bilitv  would  also  be  less,  and  therefore  the  permeance  would  be  still 
further  reduced.  Moreo%'er,  the  face  of  the  tips  of  the  long  plates  was 
not  concentric  with  the  armature,  but  was  raked  back,  thus  diminishiiif^ 
the  permeance  of  the  air  gap.  The  whole  effect,  therefore,  was  that  the 
flux  was  choked  back  from  the  extreme  pole  tips,  so  that  the  excessive 
crowding  oi  the  lines  shown  in  Figs.  479  and  480,  Vol.  I.,  could  not 


fin.  n».— Field  Magnet,  with  Interp.  le-,  of  Bruc*  PeeblM  Cgntimioas 

Current  Generator. 
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(    ur  at  the  trailing  polar  horn,  whilst  a  wtll-distributed  fringe  for  a 

fi  n  i-ing  field  was  formed  at  the  Icadintr  horn; 

(,)  CommiUtiting  Armature  Coils.  Taking  up  now  the  third  method 
sjxilied  on  page  105,  namely,  tlic  pmduction  o£  a  teversing  e.  m.  f.  in  the 
cm  iiits  of  the  sections  short-circuited  by  the  brushes,  Sayers,  with  this  object, 
i;:;iiiJuccd  coils  into  tlie  conntctors  bi-twoen  the  main  coils  and  the  hrnslu's. 
Ill  an  ordinary  closed-coil  winding,  whether  of  the  rnig  or  the  drum  type, 
c  iniections  to  the  sections  of  the  commutator  are  usually  made  by  con- 
ductors which  should  be  quite  outside  the  working  field  of  the  dynamo,  and 


Fig.  113.— Seal. .n.  Fig,  ,i4.-IVat  Fice. 

The  IntcrnatUmal  KIcctrical  Fn^i      ring  Company's  Laminated  I'ole  Face  or  Shoe. 


ill  w  liich,  therefore,  ;io  E.  M.  F.'s  are  induced  in  any  position.  If,  instead  of 
these  simple  connections,  the  paths  to  the  commutator  bars  from  the  dcsed- 
oiil  winding  are  through  additional  windings  placed  close  to  the  active 
windings  of  the  armature,  these  additional  windings  will  have  E.  M.  F.'s 
indu. fd  ill  tliem  of  a  magnitude  depending  on  their  positions  with  respect 
to  the  field  Hux.  Such  E.  m.  f.'s,  however,  during  the  greater  part  nf  the 
ixriod  of  revolution,  are  not  in  any  closed  circuit,  and  it  is  only  when  a 
rests  upon  tlie  ccimmutalor  bar  to  which  one  end  of  the  additional 
wuuling  is  attached  that  the  circuit  of  that  winding  is  closed. 

One  of  the  possible  arrangements  is  represented  diagrammatically  in 
Fig.  115.  which  shows  a  lap  winding  of  several  coils  connected  to  six  com* 
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mutator  bars  by  six  special  connectors.  Tiie  pf)lcs  are  indicated  by  tlx 
black  rectangles,  being  represented  with  the  windings  as  laid  out  flat,  and 
the  conductors  are  supposed  to  be  moving  from  left  to  rii^ht.   At  tl 
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the  brush  b 

short -circuitiii  • 
the  sectio:i 
shown  by  t!i 
thick  line,  an.  I 
which  is  joint  1 1 
to  the  CO  111 
mutator  by  th- 
connectors  :( 
and  b.  Th  ; 
direction,  in  tl  - 
section,  of  tl  • 

Fig.  iij.— Sayer*  Commuuting  Connectors  on  Armatur*.  current  which 

has  to  be  reversed,  and  the  consequent  direction  of  the  current  in  a  and  6 
at  the  beginning  of  tlie  commutation,  are  shown  by  barbs  on  tlio  rcspocti\r 
lines.  The  connector  a,  where  it  passes  under  the  s  pole  on  tlie  left,  has 
a  back  e.  m.  f.  in 
it  which  exceeds 
the  forward 
E.  M.  F.  in  tlie 
same  part  of  the 
connector  6,  and 
thus  the  effect 
on  balance  is  to 
assist  revereal. 
If  in  addition 
the  s  pole  be 
extended  by  a 
reversing  lug  P, 
as  shown  in  Fig. 
ii6,  it  will  be 
seen  that  by 
placing  the 
right-hand 
winding  of  b  in 

a  stronger  s  field  than  the  corresponding  part  of  u  an  additional  reversing 
E.  M.  F.  is,  on  balance,  introduced  into  the  short-circuited  system. 

Sayere  calls  the  connectors  "  commutating  coils."  They  need  not  be, 
and  are  not  (in  Figs.  1x5  and  116),  on  the  same  part  of  the  field  as  the 
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I  . atiirc  section  dealt  with,  and  by  properly  choosing  their  position 
1.  nvi  ly  to  the  armature  section  it  is  obvious  that  they  may  be  so  placed, 
a  111  the  example  just  given,  that  the  E.  M.  F.  in  them  may  be  a  reversing 
i  M.  F.  of  the  requisite  magnitude  to  secure  sparkless  commutation.  The 
\  K'  of  the  K.  M.  F.  n  quii  t'd  should  W-  determined  by  the  principles  already 
1,  i-sed  (stf  page  105).  S(j  completely  is  the  reversal  of  the  current  in 
;!!■  section  under  commutation  broupht  under  control  by  this  method, 
!    '  Savers  was  able  to  run  his  d\nani(is  with  the  brushes  latrging  instt  ad 

.iciing,  as  sliown  by  the  line  (  (  .  wliit  li  denotes  the  angular  position  of 
'i  coil  under  commutation.  In  consequence  the  demagnetising  effect  of 
th.  armature  current  was  eliminatv.d,  and  no  allowance  was  required  to  be 
111  i  It'  for  it  in  compounding  the  machine — in  fact,  with  a  sufficiently  large 
;j  ilie  aiMKifurc  produces  a  magnetising  effect  which  may  be  made  to  do 
\\v  work,  or  part  of  the  work,  of  the  scries  coils  in  the  compound  winding. 

II  ii'  form  of  slot  used  by  Savers  is  shown  in  Fig.  27,  c ;  the  commutating 

are  wound  in  ".0  upper  part  of  the  slot,  and  the  wwldng  coib  in  the 
i  .i.iiiwjr  and  longer  slut  below. 

Reactance  Voltag'e.  —  In  t  ie  process  of  commutation,  as  already 
1,  :. silked,  the  condition  to  be  fulfilled  for  a  perfect  result  (.scr  page  105) 
i-  iliat  the  coil  or  section  which  is  short-circuited  whilst  carrying  a  current 
1 ,  !«•  direction  should,  just  at  the  instant  that  the  short  circuit  is  about 
1  .  Ill  removed,  be  carrying  in  the  opposite  direction  an  equal  current  gener- 
at  1  by  magneto-electric  induction  during  the  period  of  the  short  circuit. 

\ow,  in  dealing  with  alternate  cum  nts,  we  have  foimd  that  whenever 
,1  .  I'll  cut  change^  from  one  value  to  au  ■ther  there  is  an  induced  E.  M.  F. 
i!i  the  circuit  depending  upon  the  rapidity  and  magnitude  of  the  change 
an  l  upon  the  inductance  (l)  of  the  circuit.  The  usual  custom  is  to  refer 
t.)  iliis  induced  E.  M.  F.  as  a  reactance  voUa^c,  which  is  quite  correct,  and 
t  .  akulate  its  value  on  the  assumption  that  the  charges  of  current  follow 
a  Ji«t-  la'j),  an  assumption  for  which  no  good  theoretical  reason  can  be 

u.  On  the  contrary,  the  mathematical  solution  of  the  fundamental 
ii]iiation  (see  page  538,  Vol;  I.)  of  an  inductive  circuit, 

RC  +  L  J^  =  E, 

u!i<  11  K  is  either  zero  or  practically  constant,  kads  to  a  logarithmic  equation 
1  11  the  current,  as  already  mentioned  on  page  104.    It  follows  that  the 

imi  rtant  factor  is  the  time  conUant\cA  the  short-circuited  coil,  and  not 

the  so-called  reactance  voltage  which  is  assumed  to  have  the  value  ^  L  c, 
will  re  c  is  the  current  to  be  reversed,  L  is  the  inductance  of  the  short-circuited 

2  IT 

Coil,  and  />  =  — »  sjTnbol  T  denoting  the  time  of  one  complete  sine- 
wave  period,  usually  assumed  to  be  the  time  of  short  circuit.   From  the 


IfA  Elfxtricity  in  the  Service  of  Mas 

point  of  view  of  tJiis  theory  it  is  asserted  that  low-rcactancc  voltage  is  moiv 
important  than  Rreat  field-maRnet  strength,  and  that  in  no  case  should 
the  reactance  voltage  exceed  tlnvc  v..lts.  Hotli  wavs  of  -iowing  the  fact, 
require  that  the  value  of  L  should  be  low,  but  the  defect  oi  i!ie  reactano- 
voltage  theory  is  that  it  takes  no  account  of  the  resistance  of  the  short- 
circuited  coil  vvhidi  all  experience  shows  has  a  very  material  influence  m 
sparkless  commutalion. 

As  regards  L,  it  is  worth  noting  that  for  slotted  and  tuniifllrd  drum  arma- 
tures the  value  of  l  is  greater  than  for  smooth-core  armatures,  because  tin 

section  under  commuta- 
tion is  nioro  or  1(-- 
completely  imbedded  in 
iron  ;  hence,  other  thiiii;^ 
being  equal,  the  difii- 
culties  of  good  com- 
mutation are  f^rcau  r. 
It  is,  however,  son\( - 
;  what  surprising  to  find 
,  how  much  of  L  in  prac- 
tice is  due  to  the  ctul 
ronnoctions,  even  in 
slotted  armatures.  Jlr. 
Hobart  has  shown  that 
as  much  as  25  to  4.1 
per  cent,  of  the  total 
inductance  may  be  due 
to  this  cause.  In  rim; 
armatures,  since  the  wire 
of  each  section  encloses 
the  whole  cross  section 
of  the  armature  iron,  the  value  of  1.  is  relatively  high.  In  all  cases  it 
depends  on  the  square  of  the  number  of  turns  per  section  under  commuta- 
tion, and  the  necessity  for  keeping  it  low  is  therefore  an  argument  in  favour 
of  commutators  with  numerous  segments. 

Multiplex  Windings.— Where  heavy  currents  have  to  be  dealt  with 
the  inductance  of  each  commutaiing  section  can  be  reduced  by  windiiii; 
the  armature  with  two  or  more  distinct  re-entrant  circuits,  the  turns  of 
each  circuit  following  one  another  in  a  regular  sequence  on  the  surface  of 
the  armature,  and  the  commutator  bars  of  the  different  circuits  beins 
interleaved  on  the  commutator. 

The  method  as  applied  to  a  ring-wound  armature  is  shown  in  Fig.  117, 
In  which  it  will  be  found  that  the  full  line  and  th"  dotted  line  windinp 
f<wm  two  entirely  distinct  circuits  insulated  from  one  another.  Each 


Fig.  117.— Diagiam  of  .Muliiplei  Windings. 
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rircuit  is  represented  as  consisting  of  24  turns,  and  has  eight  bars  on  the 
I  .immutator.  The  brashes  must  obviously  be  sufficiently  thick  to  sjian 
1  !()ss  the  intervening  segment  of  the  commutator  so  as  to  short-circuit 
K  ,11  h  section  properly  in  turn,  and  to  keep  it  short-circuitrd  sufificicntly 
! Hi,'  to  allow  of  sparkles?  rever^^al.  The  result  will  be  tiiat  lla-  total  mm  iit 
uill  be  divided  between  the  two  circuits  of  the  duplex  ttimlhig,  as  it  is 
railed,  and  that  in  each  section  only  one-half  the  current  has  to  be  reversed 
which  would  liave  to  be  reversed  if  the  winding  were  the  ordinal y  or 
-implex  winding.  The  extension  of  the  principle  to  triplex  7iinJiiij;,  in 
w  liirh  the  current  per  section  for  reversal  is  reduced  to  one-third,  is  obvious. 

An  incidental  advantage  of  multiplex  winding  is  the  removal  of  the 
Linticr  of  the  sections  of  the  armature  becoming  short-circuited  by  the 
i;;>iiiatinc;  strip  being  bridged  by  a  particle  of  copper  or  other  ronducling 
ni.iterial.  The  eddy  current  loss  in  the  copper  is  also  reduced  by  the  con- 
ductors being  cut  up  into  bars  of  smaller  cross-section. 

Equalisingf  Circuits. — A  fruitful  source  of  sparking  at  the  bnislus, 
(■-l)ccially  in  large  multipolar  machines,  is  due  to  the  fixed  pole  faces  and 
the  face  of  the  revolving  armature  not  Ix'ing  exactly  concentric.  Even 
if  the  machine  be  at  first  mathematically  perfect  in  this  respect — a  result 
difficult  to  obtain  with  large  machines  similar  to  that  depicted  in  Fig.  12 
—uneven  wear  at  the  bearings  may  throw  the  revolving  part  out  of  truth. 
With  the  narrow  air  gaps  used  in  modern  dynamos,  if  we  suppose  the  bear- 
ings to  wear  down  yV  '"ch,  the  gap  at  the  top  will  be  appreciably  widened, 
whilst  that  at  the  bottom  will  be  correspondingly  reduced.  Hearing  in 
mind  (sec  page  49)  the  very  important  part  which  the  air  gap  pla\s 
in  the  total  reluctance  of  the  magnetic  circuit,  these  small  changes  will 
i  \  idently  produce  a  very  appreciable  increase  of  reluctance  and  consequent 
diminution  of  flux  at  the  upper  poles,  and  a  corresponding  decrease  of 
n  hictance  and  increase  of  flux  at  the  lower  poles.  The  E.  m.  f.'s  gemratcd 
ill  the  upper  and  lower  parts  of  the  armature  will  therefore  no  longer  be 
equal  to  one  another,  and  the  potentials  of  the  brushes  placed  in  parallel 
on  the  collecting  rings  will  dif?er  As  these  rings  have  a  very  low  rcsist- 
anro,  even  a  small  difference  of  potential  will  lead  to  heavy  ecjiialising 
rurrents  passing  through  them,  with  a  consequent  production  of  heat  and 
liiss  of  energy.  But  the  mischief  does  not  stop  there,  for  these  heavy 
extra  cUiTents  must  pass  through  the  brushes  and  be  commuted  with  the 
•li  lual  load  currents.  Such  a  great  increase  in  the  currents  under  com- 
mutation must  inevitably  lead  to  copious  sparking,  for  the  devices  for 
sparkless  commutation  will  be  unable  to  deal  with  these  abnormally  large 
curicnts  ;  in  addition,  much  extra  heat  must  be  developed  in  the  armature. 

To  meet  the  difificulty  the  General  Electric  Company  of  .Vmcrica  and 
others  use  crobs-cunueclions  inside  the  armature,  a  suiftcicnt  numlTr  of 
pints  in  the  winding,  which  theoretically  should  always  be  at  the  same 
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potential,  being  Joined  by  heavy  copper  conductors.  These  conductor^ 
may  be  placed  at  the  back  end  of  the  armature,  as  showa  ia  Fij,'.  ii8 
each  one  consists  of  an  insulated  l)ar  of  copper  e,  bent  into  the  shape  of 
circular  arc,  and  connc(  ted  at  selected  points  to  the  armature  windint;-. 
Another  position  used  for  eqiialising  connectors  is  the  sj);i(  e  between  tli. 
core  and  tlie  ordinary  verticid  connectors  to  the  commutator  bars.  In 
Fig.  31  the  equalising  connectors  can  be  seen  lying  on  this  space 

iin  a  large  unwoiind 
Dick,  Kerr  armature 
All  the  selected  points 
for  any  one  connector 
are  normally  at  the 
same  potential,  and  in 
that  case  no  current> 
flow  in  the  connector. 
If,  however,  owing  id 
tlie  decentering  of  the 
armature  or  any  otliei 
cause,  the  fluxes 
through  the  different 
poles  become  unequal, 
these  points  are  no 
longer  at  the  same 
potential,  and  more  or 
less  heavy  currents  will 
flow  in  the  connecting 
bar.  The  currents  pnj- 
daced  in  the  bar  will 
be  alUrnate  currenty 
for  it  is  obvious  that 
the  p.  D.  between  any 

FiK.  ii8.— Equalising  Connections  in  a  Multip -lar  Armaiurc  •   ^  -n 

two  points  will  reverse 

as  the  armature  revolves.  According  to  Lcnz's  law,  these  alternate  currents 
will  tend  to  remove  the  causes  of  their  produrtion — namely,  the  differences 
of  pole  flux ;  being  in  inductive  circuits  they  will  be  out  of  step  with 
the  p.  D.'s  producing  them,  but  this  will  tend  to  increase  their  compen- 
sating effect. 

Incidentally  this  compensating  effect  has  another  virtue.  Any  differ- 
ence of  magnetic  flux  in  different  parts  of  the  polar  ring  gives  rise  to 

differences  in  the  magnetic  pulls,  which  therefore  get  out  of  balance  (sr.- 
also  page  28).  In  extreme  cases  the  differences  may  amount  to  force^ 
of  thousands  of  pounds'  weight.  The  e«iualising  rings,  therefore,  not  oni\ 
lead  away  the  heavy  equalising  currents  from  the  brushes  and  diminish 
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t!  sparking,  but  the  resistance  of  the  equalising  circuits  being  smaller, 
tl;  •  compensating  effect  of  the  currents  in  them  on  the  differences  of  polar 
thix.  and  coBseqaently  on  unbalanced  magnetic  jnilb.  it  mme  eflkacious. 

VII.— MECHANICAL  DETAILS 

Dynamos  and  electric  motors  being  machines  in  which,  especially 
in  the  larger  types,  great  mechanical  forces  may  be  develo|x.d,  and 

v'l.'se  moving  parts  in  many  instances  spin,  us  a  whole,  at  liif,'l» 
vil'icities,  have  to  be  designed  very  carefully  to  resist  these  mechanical 
(iifccs  and  to  ensure  that  the  rotors  shall  run  nnoothly  at,  and  over,  their 
normal  speeds.  The  mechanical  problems  are  complicated  by  the 
nrcessity  for  securing  the  adequate  insulation  of  the  electric  circuits  from 
I  ! if  anotluT  and  from  the  other  conducting  material  of  the  machine.  The 
two  sets  of  problems  interact  and  are  further  complicated  by  the 
niechantcal  weakness  of  some  of  the  materials  available  for  insulation.  It 
i-  proposed,  therefore,  to  devote  a  fair  amount  of  sjiace  to  the  considcr.i- 
ti'  ii  of  the  more  important  proUems  in  detail,  and  to  illustrate  the 
I't  inciples  involved  by  example!  of  successful  solutions  drawn  from  various 
sources; 

Drivlngr  the  Core  Dises.— The  necessity  for  a  good  mechanical  con- 
11.  tion  between  the  core  discs  and  the  shaft  has  already  (page  596, 
V'l.l.  I.)  been  referred  to  in  the  case  of  electric  motors,  and  similar  reasons 
.ilil)ly  in  the  case  of  d3manK>s,  for  the  power  of  the  engine  has  ♦r.  • 

ti  iiismitted  from  the  engine  shaft  to  the  core  and  the  coi)])(t  windings 
uj«.n  it,  as  it  is  in  these  windings  that  the  transformation  from 
111  ■  hanical  to  electric  energy  takes  place.- 

In  two-pole  machines  one  n^thod  is  to  key  the  core  discs  directly  on 
to  the  shaft,  securing  them  by  suitable  end-plates  held  in  thci-  i  L^ces  by 
n  its  and  lock  nuts  on  the  shaft.  This  method  is  illustrated  m  the  cor  j 
ili'C  stampings  already  shown  in  Fig.  28,  in  each  of  which  wiii  'ue  noticed 
a  notch  for  the  keyway  which  is  to  secure  the  completed  core  to  the  shaft; 
It  cannot  be  used  with  ring-wound  armatures,  and  has  the  disadvantage 
lit  bunging  the  core  iron  down  close  to  the  slialt,  increasing  tlie  dilli- 
rulty  of  efficient  ventilation  and  also  the  losses  by  hysteresis.  To  obtain 
better  ventilation  the  necessary  mechanical  drive  is  often  given  to  the 
core  discs  either  by  the  latter  keying  on  the  arms  of  spiders  wliich  are 
tix'd  to  the  shaft  or  by  clamping  plates  at  each  end,  these  plates  carrying 
h'llts  which  pass  straight  through  the  layers  of  discs ;  the  clamping  plates 
in  their  turn  are  often  carried  by  spiders  fixed  firmly  to  the  shaft. 

\  core  disc,  the  core  built  up  from  which  is  to  be  keyed  on  to  the  arms 
-1  a  tliree-armed  spider,  is  shown  at  b,  Fig.  119;  the  notches  a,  b  and  c  are 
r  the  keyways.    On  the  other  hand  the  stampings  sliown  at  a  and  c  are 
miLiided  to  be  made  secure  by  bolts.   At  a  the  stamping  ^ows  lugs  a  b 

a 
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and  c  on  its  inner  peripJiery  through  which  thi-  lult*  t  u  uiss,  wi.ii  f  at . 
the  bdt  holes  jiass  thrtrngh  the  mtddle  of  the  iron  rinij. 

In  mne  ol  thp  dircct-couj»led  marhines  buiit  i.v  Mt  -  r>.  I'.i      1  •  ! 


anij  (<> 


.iitii.it' 


Kig.  111;.  — Cure-l'...  Slampins',     .owing  Mcilio.U  of  Dtiving. 

has  three  large  ventilating  holes  stamped 
they  are  held  firmly  in  place  by  end 
l)r(>vidi'cl  by  no 
fewer  than  three 
wide  radial  inter- 
>-paces  in  a  total 
axial  length  of 
only  190  mm.  (7.5 
inches). 

The  method  of 
driving  the  core 
discs  :n  large  mul- 
tipolar machines 
has  to  be  carefully 
dc^igiu  il.  A  very 
geiU'Lil  pl.iii  is  to 
key  the  discs  on 
to  a  substantial 
spider,  whicli  in 


spiilet,         i.:o,  i-.  1  ^ 
tendiil  iK-yond  the  limr 
of  the  armature  to  tli. 
cmijiliiif,'     wliirh     1  \:- 
nect^  tlie  dynamo  to  1! 
engitie,  thus  giving  mV  - 
tioii.il  -tiffness    t..  !' 
si)idt  r  and  more  dii  ■  ■  • 
transmission    of  tli. 
pt>wer.  This  nHthod  i> 
also  shown  in  Fig.  f)0 
fn    fill'    four  -  i>  • 
machine  by  the  >aiii' 
firm,  i  Jll  particulars  d 
whidi     are     fjivm  n 
I'!. lie  1.,  th.'  corr  jil.il,  , 

bciiij,'  <iiily  .;,',()  mm.  1 1  ; 
inches)  in  diameter,  .11, 
keyed  directly  on  to  ttir 
shaft,  :i'.>]  eacli  i>:  .ir 
out  of  It  as  shown.  In  additi'  i,, 
clamps,  and  extra  ventilatioH  is 
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turn  is  ki\  .1  on  to  the  -liaft.    It  v.  ill  fx-  rrm«ml»  d  that 

irhines  the  discs  «ki  not  form  ronip!t't»-  rin       h\>  urc  htiil 

:,'monts  of  rirclcs  (v,v  p.i!,'' .13  .iiul   i^).  a  t  i     -  , 

Kiculfy  of  ol  i.iimni,'  .1  -atisl.K  lorv  (inw.    On,           ,,  uH'y- 

111.'  yviiTA  af,'o  by  fli<-  KiiKli-^li  Kltrtric  M  umi,,.  |.  ..(iir  -  »inpfir 

"W  Messrs.  Dirk.  Kerr  and  Co.,  Ltd.),  at  I     t..,,,  ,  „  ,„  t 
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rn  was  not  coiitiinKius  at  tlic  circumfer- 
'•^'i'  ■  >'•  liian  six  sections  in  the  example  given. 
I"ni  •  are  more  numorons.    The  .'-efjmental 

!>■   first  th.  .-ah'd,  after  T)eing  stamped,  to  reduce  the 

I-'  •  )  l<i  a  niiniiimni,  aiid  japanned  I'n  one  side 

urrents.    They  uro  then  i)laced  in  position 
latu!     !<jder  in         lanner  ^own  in  Fig.  122.    The  spider  is 
verti(       ind,  proper  sn]>]xirts  heing  airai  -ed.  flie 
up.     Hie  inner  edsres  of  tlie  scL'nients  are  >tani{«  d 
-I,  wliidi  a(  <  ui.iti  ly  (it  llie  urideivut  dovetailed  slots 
iie  rim  of  Uie  sjjider.   The  slots  of  the  external  teeth 
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of  the  core  are  kept  in  alignment  by  the  httle  upright  strijis  phuid  ;  > 
intervals  round  the  rim  as  the  discs  are  Iwing  put  in  position.  Wlicn  i 
sufTu  icnt  numlxr  of  discs  has  been  threaded  on  they  are  firmly  clamjn  1 
in  Hair  places  by  cast-iron  flanges  at  each  end  bolted  together  throuj;  i 
the  bi)lt  holes  hhoi  the  spider.  The  discs  and  spider  then  form  a  viry  com- 
pact whole  from  a  mechanical  point  of  view,  the  dovetailed  connection 
between  the  two  giving  an  excellent  drive  when  power  has  to  be  trans- 
mitted  from  one  to  the  other.   The  sitidt  r  itself  is  very  firmly  comiectid 
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to  the  driving  shaft.  The  central  boss  is  bored  out  accurately  to  a  sli^itly 
smaller  diameter  than  the  shaft,  and  is  then  pressed  on  with  a  force  of 
about  ICO  tons ;  it  is  afterwards  secured  from  slipping  round  with  two  kt  vs. 

The  CommutatOP.— The  commutator  is  undoubtedly  the  weakest  part 
of  a  continuotB  current  dynamo,  and,  therefore,  the  part  to  which  special 
attention  should  be  given  in  the  design.  It  is  the  only  electrical  part  sub- 
jected to  continuous  frictional  wear,  and  its  renewal  when  worn  out  is  a 
costly  operation.  Every  precaution  which  will  taid  to  diminish  the  rate 
ol  wear  should  therefore  be  adopted,  and  more  especially  does  this  apply 
to  the  care  with  which  the  commutator  should  be  looked  after  ifrfien  the 
machine  is  in  use. 

Electrically,  the  commutator  bars  must  be  well  insulated  from  one 
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a:  iliiT  and  from  the  shaft  of  the  dynamo.  For  the  former  object,  after 
,  \  litnce  with  many  materials,  thin  sheets  of  mica  are  now  practically 
tlic  only  insulators  employed.  These  sheets  can  be  obtained  of  any  required 
tliickness  to  within  a  thousandth  of  an  inch  and  cut  to  any  template.  For 
iiMlation  from  the  shaft,  sleeves  and  rings  of  ebonite,  micanite  or  otiu  r 
gi .  d  insulating  material  of  sufficient  mechanical  strength ,  are  employed.  The 
crirts-section  of  these  depends  on  the  design  of  the  copper  bars.  The  latter 
a:  now  alwaj's  made  of  hard-drawn  or  drop-forged  high  OHiduclivity  copper, 
ai  1  some  makers  compress  them  further 
hy  Iraulically  when  building  up  the  com- 
mutator. Bars  of  good  firm  copper,  properly 
attended  to  \dien  the  machine  is  first  run, 
rapidly  acquire  on  the  rubbed  surface  a 
jxilished  skin,  which  reduces  the  wear  to  a 
minimum.  As  there  is  sometimes  consider- 
able friction  at  the  surface  of  the  com- 
mutator, it  must  be  so  designed  that  it  is 
rigidly  connected  to  the  driving  shaft.  The 
various  bars  must  also  be  very  firmly  bound 
tnf^ether,  so  that  on  the  one  hand  the  pos- 
sibility of  a  bar  "  dropping "  slightly,  so 
that  its  outer  edge  is  a  little  below  the 
general  cylindric  surface,  is  reduced  to  a 
minimum,  and  on  the  other  hand  the 
tendency  of  the  wedge-shaped  bars  to  fly 
outwards  by  centrifugal  action  is  restrained. 
The  latter  tendency  becomes  abnormally 
f,Teat  in  high-speed  turbo-dynamos,  neces- 
sitating special  clamping  rings  to  counteract 
it;  examples  of  these  will  be  given  later. 
Lastly,  in  drafting  the  original  design,  the 
f  i<  •  that  the  different  parts  of  the  commutator  have  to  be  assembled 
and  built  up  together  must  not  be  overlooked,  for  it  is  quite  easy  to  put 
a  design  on  paper  which  if  completed  would  be  mechanically  and  elertrically 
perfect,  but  which  it  would  be  very  difficult  or  even  impossible  to  build. 

With  the  foregoing  requirements  borne  in  mind,  we  shall  now  examine 
Mune  drawings  of  actual  commutators.  In  small  bipolar  machines  the 
fommutator  is  usually  built  directly  on  the  shaft,  and  we  show  in 
Fig.  123  the  details  of  the  commutator  of  the  Johnson  and  Phillips 
ovrrtype  machine,  illustrated  in   Fig.  608,  Vol.-  I.     In   this  case  a 

I  ially-shaped  gun-metal  sleeve  r  r  is  keyed  on  to  the  shaft,  its 
ptisition  with  respect  to  the  armature  being  fixed  by  an  enlargement 
of  the  shaft  from  3'5  to  875  inches  diameto-.    The  end  (rf  the  i*scv« 


of  JohmoB  and 
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is  splayed  out  and  forms  a  hollow  amuilar  space  bounded  by  a  pin- 
jecting  rim  a  a.  This  rim  »  covered  with  a  suitably  shaped  rinj;  Itb  <.i 
tbonite,  which  fits  over  it,  and  a  lon^'  sleeve  ss  of  ebonite  is  slipped 
over  the  greater  length  of  the  gun-metal  sleeve.  If  the  shaft  bp 
now  placed  in  an  ujjright  i)osition,  the  co])]H'r  jil.ites  p  p  interleaved  witii 
mica,  both  of  the  shape  shown,  can  be  assembled  in  place,  resting  on  the 
gun-mctal  sleeve  during  the  process.    The  M^ole  having  been  brought 

together  and  tightly  clamped  up,  a 
conical  ebonite  ring  e  c  is  placed 
over  the  projecting  lugs  at  tin' 
left-hand  side,  and  is  held  in  place 
by  a  coned  steel  ring  d  d,  the 
whole  being  clamped  up  tightly  In- 
a  nut  n  n  which  is  screwed  on  to 
the  end  of  the  gun-metal  sleeve.  The 
ebonite  rings  and  sleeve  serve  to 
insulate  the  copper  from  the  metal 
supports,  and  the  mica  insulates  the 
copper  plates  from  one  another. 

Mu'tipolar  Commutators.  —  In 
many  multipolar  machines  the 
diameter  of  the  commutator  is  so 
large  that  it  cannot  be  built  up 
directly  on  the  shaft,  but  has  to 
be  supjjorted  by  a  spider  keyed  or 
otller^vise  rigidly  attached  to  the 
shaft.  The  Bruce  Peebles,  Crocker- 
Wheeler  and  some  other  machines 
have  the  conmiutator  supported  bv 
a  direct  extension  from  the  spider. 
Fig.  it4.— Commutator  of  ■  FaofFtoh  fo-ii.r.  Mnlir.  which  supports  and  drives  the  core 

discs  of  the  armature. 
An  example  of  a  spiiKr-carried  conunutator  for  a  machine  not  much 
larger  than  that  dealt  with  in  Fig  123  is  shown  in  Fig.  1J4.  This  is  taken 
from  a  60-H.  P.  four-pole  motor  built  by  Messrs.  Bruce  Peebles  and  Co., 
designed  to  run  at  400  to  800  R.  P.  M.  when  supplied  with  current  at  440  volts. 
The  spider  a  a,  serurely  kt  vi  d  to  the  shaft,  carries  a  roni.  al  annular  ring  />, 
which  Ls  in  one  piece  with  the  rest  of  the  spider.  This  conical  ring,  having 
been  cover<-d  with  micanrte  insulation,  as  shown  by  the  thick  black  lines,  is 
stood  on  .1(1,  and  the  copper  and  mica  (diniinitator  segniints  f,  with  corie<- 
pou.jji'.g  notches,  are  assembled  nmiid  it.  Ihr  further  micanite  insulatioi, 
shown  on  the  left,  and  the  claiii])iiig  ring  (/,  having  the  cross-section  as 
showu,  din  then  driven  home,  and  held  in  place  by  the  annular  nut  M,  which 
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in  its  turn  is  secured  l>y  screws  s.  The  dimensions  on  the  figure  are  in 
millimetres.  The  lower  half  of  the  drawingshows  the  completed  commutator. 

Very  full  particulars  of  a  modem  commutator  for  a  mdch  larger  machine 
are  given  in  Fig.  125,  which  is  reproduced  from  a  working  drawing  kindly 
supplied  by  Me,ssrs.  Bruce  Peebles  and  Co.  The  dimensions  p'ven  are  in 
millimetres,  and  the  scale  is  very  nearly,  but  not  quite,  one-quarter  of  full 
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size.  The  drawing  is  of  a  commutator  for  a  six-pole  machine,  with  an 
output  of  1,000  amperes  or  333  amperes  on  each  set  of  brushes,  which  is 
very  nearly  one  ampere  for  each  millimetre  length  of  the  working  surface 
of  the  commutator.  The  gen^  plan  is  similar  to  that  of  Fig.  124,  but 
there  are  some  important  differences.  The  conical  ring  h,  of  Fig.  124  is 
in  the  larger  machine  separate  from  the  spider  to  which  it  is  firmly  attached 
by  the  bolts  B,  of  which  there  are  twelve,  and  which  also  hold  in  place 
the  damfring  ring  i  (Fig.  125),    Both  lings  have  good  bearing  surfaces 
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filling  the  inner  side  of  the  spider  cylinder,  and  the  nuts  which  tighten 
III'  the  bolts  are  provided  with  locknuts  to  prevent  them  working  loose. 
A>  an  additional  precaution,  the  ring  on  the  right-hand  side  is  fuitlur 
li  ld  in  place  by  six  screws  s  equally  spaced  between  the  bolts.  Other 
i::: cresting  details  can  be  readily  made  out  by  inspection. 

In  Fig.  126  dimensioned  details  are  given  of  one  of  their  standard  type 
of  commutators  designed  by  Messrs.  Mather  and  Piatt  for  their  large 
I'  ll  mos,  fully  described  elsewhere.    The  dimensions  given  are  in  niilli- 
liR  tres.    The  commutator  is  carried  on  a  spider  940  mms.  (39-4  inches) 
ii\  diameter,  and  i44'5  mms. 
(>»7  inches)  wide  at  the  end  ________ 

of  the  supporting  arms.  To  '///////M'' 
ihrse  are  bolted  the  steel 
lings  which  carry  the  insu- 
lating rings  and  the  copper 
1  lis  and  mica  sheets  of  the  1 
(I  iumutator  itself.  The 
~>  :il)e  of  the  latter  and 
I  lie  method  of  assembling 
can  be  inferred  from  the 
ih  uving.  The  e.\treme  di- 
mensions of  the  copper 
bars  arc  65  mms.  (2'5  inches) 
!n  p,  and  290  mms.  (nearly 
11-5  inches)  long,  and  of 
li.i-  Iingth  al)out  9  inches  is 
available  for  brushes.  The 
I  xtirnal  diameter  of  the 
I  'Plicr  surface  of  the  com- 
mutator, when  finished,  is 
1. 100  mms.  or  43  inches,  above  which  the  lugs  for  connecting  to  the  arma- 
'nir  windings  project  247'5  mms.  or  about  9*8  inches.  Other  interesting 
i  idils  can  be  made  out  from  ti.e  drawing,  which  will  rejiay  careful  study. 

The  International  Electrical  Company  attach  the  ring  R  R  (Fig.  127), 
u  'lich  supports  the  commutator,  directly  by  bolts  to  the  arms  of  the  arma- 
ture spider.  The  cross-section  of  this  ring  has  a  projection  p  sharply 
t"  veiled  below  and  slightly  bevelled  on  top,  over  which  is  slipped  the 
V  shaped  insulating  ring,  which  carries  the  parts  of  the  commutator. 
The  clamping  ring  c  has  a  large  bearing  surface  at  s  underneath  rr, 
,"!'!  engages  in  the  other  V  notch  in  the  commutator  bars.  When  bolted 
uji  into  its  place  the  bevels  on  both  sides  are  such  that  the  commutator 
pjits  are  very  firmly  drawn  into  and  held  in  position. 

Commuiaiors  /or  Turbo-Dynamos. — It  has  already  been  pointed  oat 
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more  than  once  that  in  turbo-dynamos  the  desifjn  of  the  commutator 
lias  to  be  modified  to  nuct  tlic  spciial  CDiiditiniis.  At  the  liif-h  speed- 
at  which  these  machines  run,  the  nuinbi-r  of  \y>\  s  for  a  given  voltage 
and  output  is  necessarily  less  than  in  slower-speed  machines,  and  there- 
fore the  amount  of  current  to  be  collected  by  each  line  of  brushes  i- 
correspondingly  greater.  It,  further,  the  conditions,  as  is  usually  the  ca^i , 
allow  only  a  single  connnutator,  \\n>  conitnutator,  if  of  tlie  ordinaiA- 
type,  will  have  to  be  abuormally  long  and  also  of  a  small  diameti  i 
relative  to  the  amperes  to  be  handled.  Sufficiently  long  copper  segment  > 
could,  of  course,  l)e  uinunted  in  some  of  the  ways  already  described,  hut 
it  is  found  that,  however  well  clamped  at  the  ends,  such  segments  have 
a  dangerous  tendency  to  fjy  outwards  at  other  points  when  run  at  tlu 
high  speeds  of  the  turbines,  this  tendency  being  still  further  assisted  by 


Fig.  laS.— Camniutatn  ibr  Ponons  Xurl>o-Dyiiaiiia(. 


the  grtater  slop(>  of  the  wedge-shape  bar,  due  to  it  being  part  of  a 
commutator  of  smaller  diameter. 

In  most  of  the  machines,  therefore,  it  is  found  necessary  to  introduce 
auxiliary  clamping  rings  at  intermediate  ])ositions  along  the  face  of  the 
commutator,  as  there  is  no  other  method  neaily  so  effective  for  counteracting 
the  large  centrifugal  forces  developed  at  high  sjieeds.  The  numlier  of  rings 
nece>-ai  y  drpeiid-i  mi  the  length  of  the  commutator,  its  diameter  and  speed. 

This  principle  was  adopteil  as  far  hack  as  1S90  by  the  Hon.  C.  A.  Parsons 
in  the  e.iily  d.iys  of  steam  turbines  and  turlx)-dynamos,  and  long  before 
the  latter  had  come  into  general  use.  Its  application  is  well  shown  in 
Fig.  12.S.  which  dejiicts,  partly  in  section,  one  of  Messrs.  Parsons  and  Co.'s 
standard  t\pcs  (if  commutators.  Instead  of  tiic  surface  of  the  com- 
mutat<)r  b.ing  quite  clear  between  its  end  suppjrts  the  ligiire  shows  two 
steel  rings  s  s  shrunk  on  to  the  bars  at  intermediate  positions,  but  of 
course  insulated  from  the  bars,  the  insulation  being  clearly  shown  ip 
llie  bcclioned  half  of  tlie  drawing.    The  method  of  slirinking  on  is 


CoMMUTATOttS  FOK  UtiiH-SFEED   TUK BO-Df/fA .WS  IJQ 


r  -rrilicd  later  {sec  ]iaf;e  145).    The  riiifis  also  carry  shrouded  ccntrifuf^al 
!-  f  f,  wliicli  cn-'iin'  .1  l  iri  iilaticiii  of  cDolini;  .lir  round  tlif  innunutator. 
The  comrautator  is  supported  at  the  end  nearest  the  armature  by  a 
Imss  cone  from  which  the  bars  are  insulated,  as  shown.    Tlie  method  of 
-  jipiirt  at  the  other  end,  will;  the  nccissary  iiisulatiuf^  riiitjs  and  discs,  can 
!     made  out.    Tlic  sjn  cial  feature  is  a  stei'l  diaphraijin  i>late,  wliicli  is 
!  led  i>lack  in  the  fif^uro.    This  pl.ite,  which  is  held  in  place  by  a  nut 
lud  locknut  screwed  on  to  the  shaft,  is  so  adjusted  as  to  exert  a  steady 
]  ircssure  on  the  commutator  bars  in  the  direction  of  the  armature.  When 
ti  e  commutator  gets  heated  the  expansion  of  the  long  copper  bar  is 
i;i  eater  than  that  of  the  steel  shaft,  not  only  because  the  coefficient 
iti  expansion  of  copper  is  much  greater  than  that  of  steel,  bat  also 
I M  <  aiise  the  copper  bars  are  raised  to  a  higher  temperature.  By  the  use  of 


Fig.  lag. 

Scciioiu  oT  Siemcni  Ventilated  Commutator  for  Turbo-Pynamos. 
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the  diaphragm  at  one  end  and  the  brass  cone  at  the  other,  the  differential 
1 'iiiiitudinal  expansion  of  the  co])per  bars  is  allowed  for  without  over- 
stressing  the  material.  Actual  sliding  is  assumed  not  to  take  place,  for 
experience  tends  to  show  that  if  reliance  be  placed  upon  this  the  sliding 
surfaces  sooner  or  later  develop  a  tendency  to  stick. 

In  view  of  the  high  velocity  and  the  friction  consequent  thereon,  an 
imp utant  point  to  keep  in  view  in  designing  the  commutator  is  to  make, 
a-  lar  as  possible,  provision  for  keeping  the  rubbing  surfaces  cool.  In  the 
Parsons'  commutator  just  described  fans  are  attached  to  the  clamping 
i;ii.,'s.  In  the  Siemens'  commutator  the  c(  j.per  bars  used  are  lioUow,  and 
;iir  IS  driven  thiougli  this  hollow  space,  thus  removing  the  heat  close  to 
the  ijoints  at  which  it  is  generated,  and  tending  to  keep  the  whole  com- 
imitator  cool.  An  early  form  of  this  commutator,  i)artiy  in  section,  is 
shown  in  Figs.  129  and  130,  whilst  a  ]>icture  of  a  completed  comnmtator 
"t  the  most  recent  pattcni  j^iveii  in  Fig.  131.  The  commutator  is  made 
in  two  parts  connected  together  by  broad  lugs,  which  act  as  fans  when  the 


I40 


ElECTKICITT  IH  THK  SMKVtCK  OP  Ma» 


commutatf  is  rotating,  and  drive  a  plentiful  supply  of  air  through  the 
hollow  bars.  The  ends  of  the  hollow  spaces  can  be  clearly  seen  both  in 
Rgs.  Z30  and  131:  By  the  splitting  of  the  commutator  into  two  parts  the 
difficulties  caused  by  the  expan»oa  of  the  long  copper  bars  used  in  other 
p^tems  are  partly  overoome,  and  it  is  claimed  that  tiie  oomnatatw  therefore 


fig.  131.— Siemm*  VatiUtad  Commatator. 


keeps  more  accurately  in  balance;  The  effective  cooling  abo  makes  it 
possible  to  use  carbon  brashes,  vrith  the  coaseqaential  advantages  alluded 
to  elsewhere ;  and  as  the  machines  are  also  provided  with  commutating  inter- 
poles,  very  efficient  and  sparkless  commutation  is  attained;  The  com- 
mutator dtepkted  in  Fig.  131  is  the  aettHd««iiitittat<v  vaei.  oa  the  madiine 
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illustrated  in  Fig.  9,  page  15,  and  handles  an  oatpat  of  3,400  amperes  at  500 

volts  when  running  at  1,250  R.  P.  H. 

In  Fig.  132  is  shown  the  latest  type  of  ventilated  turbo-commutator  as 
buiit  by  Messrs.  Brown,  Boveri  and  Co;  Tlie  dimensions  of  y  cuiuinutatui 
of  this  type,  as  used  on  a  soo-kilowatt  machine  to  collect  a  current  of  2,000 
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.i  njicres  at  250  volts,  will  be  found  in  Plate  IV.,  where  it  will  be  seen  that 
the  total  length  of  the  commutator  bars  is  1,190  mms.  (47  inches),  of  which 
^tJO  nuns,  an  exposed  for  the  contact  of  the  brushes.  The  external  diameter 
•  f  the  eomniutator  proper  is  380  mms.  whilst  the  ^teel  rings,  which  are 

-  irunk  on,  have  an  external  diameter  of  550  mms.,  an  axial  thickness  of 
15  mms.  (2'6  inches),  and  a  radial  depth  of  about  <So  mms.  (31S  inches). 


'is*  133.— Section  o(  Commuutor  for  Bnuh  Turbo- Dynunon. 

Tliese  rings  are  shrunk  on  over  solid  mica  insulating  rings ;  a  commutator 
in  course  of  ctntstmction  b  shown  on  page  145  (Fig.  139). 

As  a  still  further  example  Fig.  133  gives  a  section  of  the  commutator 
of  the  Brush  turbo-dynamo  already  jiartly  illustrated  in  Fig.  7.  This 
ommutator  is  required  to  give  an  output  of  about  1,500  amperes  at  500 
volts,  and  as  the  machine  is  a  four-pole  machine,  each  brush  spindle  must 
collect  about  750  amperes.  Allowing  40  amperes  per  inch  of  axial  length, 
liiis  cuiient  would  require  about  19  inches  of  working  commutator  surface, 
la  Fig.  133  there  is  one  central  cUunjnng  ring  of  steel  about  i}  inch  thick. 
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shrunk  on  90  as  to  sit  firmly  on  a  slit,'ht  projtrti'm  in  the  rcntn^  of  tht 
commutator  bars.    There  is  mica  insulation  IwtwK  n  the  stci  l  rui;; 
the  copper  segments.   In  addition  the  bars  arc  heavily  clam{x'd  at  cad, 
end,  and  to  allow  for  these  clamps  and  the  lugs  for  the  connections  to  tli 
arinatun,'  tlu;  total  !cnf,'t!!  of  i'op]Hr  in  each  bar  is  20  inches,  of  wliich  on!\ 
17  indies  is  e?v{X)sed  as  a  rubllin);  surface  for  the  brushes,  which  arc  < 
carbon.  The  diameter  of  the  cylindrk  copper  surface  is  ii'S  inches,  wliii  i 
at  the  normal  angular  velocity  of  2,400  R.  p.  M.  gives  a  peripheral  speed  <>; 
7,200  feet,  or  nearly  1-4  miles  per  minute.   The  coned  end  sleeves  are  slipped 
directly  on  to  the  axle,  vdiich  is  expanded,  and  the  armature  end  coned  to 
receive  them. 

At  the  bearing  end  the  sleeve  is  of  gun-metal,  and  is  held  in  position 

by  a  spring  washer  to  allow  of  exjiansion  due  to  the  heating;  of  the  com- 
mutator. Otlier  details  can  be  made  out  from  the  drawing.   In  still  lar^c  r 

machines  the  com- 
mutator is  mounted 
on  a  spider  shaft, 
through  which  air 
is  drawn  to  cool 
the  inside  of  the 
commutator. 

An  important 
further  modification 
is  shown  in  Fig.  134, 
which  illustrates  the 
radial  commutattir 
used  by  the  British  \Vestinf,'iiouse  Electric  and  Manufacturing  Company 
in  one  of  the  continuous  current  exciters  of  a  turbo-alternator;  The 
exciter  is  mounted  on  the  alternat'T  shaft,  and  the  figure  shows  not 
only  its  commutator,  but  also  ;ts  armature,  winch,  as  usual,  is  ol 
much  shorter  a.xial  length,  notwitli  t.mding  the  mndiiicaiion  mm  being 
described.  This  modification  consist-  in  arranging  the  rubbed  surfaces 
radially,  that  is  in  vertical  plattei.  These  radial  surfaces  can  easily  be  made 
out  in  the  figure,  although  -  ach  projecting  set  of  l,,irs  is  lu-ld  <  lampt  ,1  l.v 
the  usual  steel  ring.  Tlu;  shape  the  coniniiitator  bars  is  given  in  Fig. 
135.  in  which  can  be  seen  he  radial  parts  a  a  projecting  from  the  usual 
long  bars  of  copper.  The  hiirizontal  parts  of  the  copin  r  not  now  being 
required  as  surfaces  for  the  brushes,  it  is  possible  to  place  the  dainpin; 
rings  either  on  the  top  of  the  radial  projc^lions  or  at  the  Ixittom  of  the 
groves  formed  by  these  projections.  In  Fig.  135,  the  insulating  strijw, 
but  not  the  steel  rings,  are  shown  at  a  in  the  first  position,  whilst  at  b  the 
rings  and  stii|)s  appear  in  seconij  iiositi.Mi.  A  iclcreuce  to  Fit:.  134 
and  other  ligures  will  show  tliat  the  tiist  position  has  been  adopted  ui 


Fig.  134. — Arm.iture  and  K.-iili.-i!  Commutator  of  WestinRKouse  Fsciter. 
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1.  tiial  jiractirp.  In  Fiir.  (  <w  set  of  linwlics  i>  >ti'i\Mi  imiji'i  ting  into  IJie 
:  'Hives  iH'twwn  tlio  ditfdi nt  radial  surfaces  ;  the  sides  i«f  llic  Imishcs  rub 
.ii,'air  w  the  surfaces,  and  the  contact  is  mit  interfer.  tl  witli  l>y  the  end  play 
pi  the  shaft,  as  this  is  slow  in  period  and  small  enot  i;h  in  uniiiiiudi'  for  tlie 
I'liish  holders  to  ad  ,>t  themselves  to  it.  On  the  uiJier  hand,  tlic  rapifl  cross- 
axial  movement  of  the  shaft,  which  at  higlt  speeds  is  sometimes  very  jpro- 
nounced  and  makes  it  difficult  CP 
t  .  keep  the  ordinary  brushes  in 
liitir  place  without  excessive 
!  !('i(in.  has  no  effect  on  these 
i.ulial  brushes.  Carl>on  brushes 
are  used  and  their  beneficial 
.  !M'('t  on  the  coniinutati'>n  is 
cuied  with  an  a.xial  length  of 
commutator  not  greater  than 
Would  be  required  for  coj>per 
l.ru-lies  with  their  higher  current 


,HJ|liilimti: 


>l  :i~lt y.  Fig.  iu.— Cowniutur  Ban  lot  Kadul  Cuamiiuiut. 

The  radial  commutator  is,  of 
course,  applicable  not  only  to  the  excii  t  of  a  turbo-alternator,  but  also  to 

a  large  turbo-dynamo,  and  Fig.  136  shows  the  finislud  armature  and  Ihe 
ni'.irly  finished  commutator  of  a  .jso-kilowatt  machine  built  by  the 
Westinghouse  Company  to  nm  at  3,000  r.  p.  m.  The  radial  commutator 
M  laments  are  shown  in  this  figure  without  the  clamping  rings  which  appear 
111  Fig.  134,  and  which  are  ruiuired  to  hold  tbe  segments  together  against 


F;>j.  136. — R.idi.il  Cotiimiitator  nf  a  WrslinKhi)U^e  jyj  Kilowatt,  i.nno  R.  1-.  M.  'l  ut)- I '\ iiaiiio. 

the  heavy  centrifugal  forces  brought  into  play  at  the  high  sp(  t  d  ol  iiinning, 
which  it  will  be  noted  gives  one  revolution  in  one-fiftieth  of  a  second; 
1'  omission  of  the  rings  exposes  the  ends  i  f  the  coniinutator  scgmints. 
l  iiithcr  leference  will  be  made  to  these  radi.il  coniiiiutatoi -  in  the  .section 
(!•  ding  with  bnish  gear. 

li;iilding-up  Commutators. — It  will  be  readily  understood  that  to  bring 
the  numerous  parts  of  a  large  commutator  into  their  relative  places  special 
ill-vices  have  to  be  employed.  An  a~-e;iililiiiL;  ring  as  tlx  il  liy  tlie  deiu  ral 
Klectric  Comjany,  Ltd.,  for  getting  the  copper  and  mica  sheets  into  their 
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propT  rtlative  positions  is  shown  in  Fig.  137.  In^idf  an  r)iitor  rin^  «  n  k 
are  a  number  of  circular  segments  ss  carncil  on  jiins  projecting?  inward 
from  R  R  R.  Tiie  ring  being  on  a  horixontal  table,  the  copper  plates  and 
insulating  mica  riwets  can  be  pnt  into  position,  and,  when  all  assembled 
can  be  tightened  up  by  th»'  bolts  b  n  n  B  whi.  li  press  the  circul.u 
segments  ss  inwards.  When  well  tightened  the  whole  can  be  slipjxii 
over  the  commutator  spider  or  other  Mf^rt,  and  tlM  proooMt  of  van- 
lating  and  clamping  completed. 

Ifost  firms  have  their  special  jigs  and  devices  for  the  assembling  ot 


of  hydraulic  presses  have  been  devised  for  this  work.  One  such  arraiif^r- 
ment,  made  by  the  West  Hydraulic  Engineering  Company,  of  Bradford, 
is  shown  in  Fig.  138.  The  cojiper  and  mica  commutator  parts  arc 
assembled  in  an  eight-part  loose  clamping  rint;  as  shown,  the  variou- 
sections  being  held  together  by  the  tightening  bolts  with  which  a  fair 
initial  pressure  can  be  developed;  The  commutator  so  clamped  is  placed 
on  a  small  table  in  the  centre  of  the  heavy  yoke  ring  (Fig.  138),  which 
carries  eight  hydraulic  rams  projecting  inw  ards,  the  centres  of  the  section-, 
of  the  clamping  ring  being  placed  so  as  to  face  the  inner  ends  of  the  rams. 
On  applying  the  jnessure  water  in  the  usual  way  the  rams  force  the 
clamping  sections  inwards  with  a  force  which  may  exceed  200  tons,  and 
whilst  the  commutator  segments  are  held  in  this  embrace  tlie  permanent 
clamps,  insulating  rings,  etc.,  are  put  in  position  and  tightened  up. 


rig.  ty.— AwwlillMg  RInc  Ibr  I«ft  ConunHMan. 


the  c()tiiniijtator  parts, 
the  clamping  of  them 
ti^tly  together,  and 
their  firm  and  sccun 
attachment  to  the 
shaft  or  iipider  h\ 
which  they  are  to  Im 
driven.  Too  murii 
attention  and  car- 
cannot  be  bestowed 
upon  this  important 
detail  of  dynamo  coti- 
stnution.  In  main 
( ases  a  hydraulic  pres 
by  which  a  consider- 
able pressnre  can  be 
q-.iietly  applied  1- 
found  to  be  very  use- 
ful if  not  indispens- 
able, so  mudi  so  that 
special  arrangement- 
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Tlie  buildinp  up  nf  tli<>  lonR  commutators  (or  tiirlx.-ilyn.inv.s,  itu-  )lving 
:!  d.M  ^,  the  sIirinkiDK  on  of  the  strcl  dampinf  rii^,  offm  additional 
rl.anical  problems  lor  solution.  Sudi  a  commuUtor  in  process  of  con- 

^t  ruction  for  one  of 

Mr  ssrs.  Brown, 

1  Mti    and  Cn.'s 
K  liines   is  shown 

I'    F'g-  '39-  The 

(!■  vices    by  which 

till-  ri'pptr  ;iiid  mica 

^l  ^'inents  are  l>eing 

III  Id  together  whilst 

the   hot   rings  are 

^llpped  on   can  be 

nude  out  by  inspec> 

tion.    These  rings, 

a-;  above  explained, 

.V,'-    insul;ittd  from 

liii'   copper  of  the 

.  inmutator  by  mica, 

a  ^uhstauce  that  can 

~t.i;id  high  tcmpera- 

t!ins  without  melt- 

II.,'.     The  process 

.i.l'ipu-d  by  Messrs. 

r.iiM'ns    and  Co., 

i~  to  assemble  the  parts  in  massive  clamps,  and  hold  them  together 
toinjiorarily  with  »teel  binding  wires.  A  mica  insulating  rin^  is  then 
Inillt  lip  bv  '^lipping  pif  cos  of  mica  under  ni])bcr  bands  unt    :i  siifticieiit 

a & thickness  is  obtained;  the  nibber  bands  arc  tlien 
replaced  by  string.    A  red-hot  steel  ring  is  now 
slipped  on,  burning  away  the  string,  and  m  cooling 
Krii>«  the  mica  and  the  commutator  so  iirmK  thm 
the  former  becomes  practically  solid. 
The  commutator  being  the'part  of  the  .iiachine 
^^^^    most  subjected  to  continuous  wear,  manufacturers 
ha%-c  given  some  attention  to  making  it  inter- 
changeable, so  that  when   one  commutator  is 
^^^^^^^^^^^  worn  out  a  duplicate  may  be  ready  to  take  its 
^^^BB^^H^^  place  with  the  least  possible  delay.    Such  a  com- 
^^^^^■^^^^  mutator  as  made  by  the  Crockcr-Whoelor  Company 
"^^^^    for  lour-pole  machines  is  shown  in  Fig.  i4o.»  In 
*  Unt  bgr  the  General  Electric  ComFmy  of  Loodon. 


ul.— Hydraulic  Preu  for  L.,minut.uui» 


Fig.  ng.— .I'urbo-Commtttatof 
uncltr  Conairaaioa. 


as 
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this  case  the  hub  upon  which  the  commutator  ir  built  is  designed  to  k(  > , 
not  on  to  the  shaft,  but  on  to  a  sleeve,  which  is  an  extension  of  th. 
armature  spider.  The  radial  Iurs  for  connecting  the  windings  of  the  dram 
armature  to  the  copi>cr  bars  of  the  commutator  are  sweated  and  nveted 

into  the  latter,  for  it  is  very  essential 
that  no  solder  should  be  used  at  tin 
commutator  bars,  which  may  becomi' 
heated  by  the  friction  of  the  brushes  and 
by  sparking.  Should  the  temperature 
rise  but  moderately,  the  solder  might  li. 
melted  and  the  connectors  loosened, 
whilst  a  still  worse  consequence  would 
be  the  short-circuiting  of  consecutiv. 
bars  with  splashes  of  molten  si-lder.  At 
their  outer  ends  the  radirJ  connectors 
are  slotted  to  receive  tlie  ends  of  tlic 
armature  coils,  which  are  soldered  inio 
the  slots.  These  ends  are  not  so  liable  to  be  over-heated  or  the  solder 
melted. 

Brushes  and  Bnuh-hcrildera.— The  life  of  a  commutator  depends  tu 
a  great  extent  upon  the  kind  of  sliding  connectors,  the  so-called  brushes. 


140.— Interchangeable  Comnutator  of 
Cnckw  Wlmlcr  DymiMt. 


used  for  drawing  off  the  current,  ard  upon  the  care  and  attention  bestowcl 
upon  them  whilst  the  machine  is  in  use. 

Brushes. — In  the  eaily  days  coi)iH'r  was  llie  diit'f  niatciial  used,  Imi 
there  was  considerable  variety  w  tiie  k)rm  adopted.   A  C-rtain  amount 


Vakioos  Types  of  Bkushms 


'  flexibility  is  necessary  on  account  of  vibration  and  possible  irregularities 
:  I  the  surface  of  the  commutator.  This  ilexibility  was  attained  either  by 
;~ing  sheets  of  copper  (Fig.  141,  a),  or  copper  wires  made  into  a  bundle 
ith  a  rectangular  cross-section  {Fig.  141,  b).  In  both  cases  the  sciKimte 
i  irts  must  be  firmly  soldered  at  the  end  remote  from  the  commutator, 
,  u!  enclosing  clamps  should  be  used  close  down  to  the  working  surface. 

Copper  or  brass  wires  are  stiU  considered  by  Me-rs.  C.  H.  Parsons 

nnd  Co.  the   best  form 

(if  brush  for  high  speed 

(■irbo  -  djmamos.  Single 

-ii  uter  sheets  of  copper,  slit 

liingitudinally,  were  used  in 

the  Brush  arc-light  machine 

(  .«    page  494,    Vol.  I). 

Liter   (1885)    Mr.  A.  P. 

Ti litter  suggested  the  use 

of  wire  gauze  folded  into  a 

tilt  bundle  (Fig.  141,  c), 

the  warp  and  wof>f  of  the 

g.iuze  being  placed  dia- 
gonally to  avoid  the  danger 

(jf  loose  pieces  of  wire  being 

fniyod  out  at  the  rubbing 

lilacs.  Still  later,  Professor 

G.  S.  Forbes  introduced  the 

u-c  of  solid  carbon  blocks, 

(1  I,'.  141,  d),  which  are  now 

VI  ry  widely  used,  as  it  has 

Inen  found  that  the  high 

sp.cific  resistance  of  the 

i.iilKjn  assists  the  commu-  ^^^^^^^^^ 

tation  by  its  effect  on  the  ^T^^^T 

^  rig.  '4a.— Carbon  Brunhei  ' 

time  constant  of  the  short- 
nicuited  coil  (mv  page  105).  If  projx'rly  adjusted,  tliey  wear  (li>\\ii 
the  commutator  less,  but  they  are  liable  to  get  hotter  than  copper, 
and  should  not  be  used  on  small  commutators.  The  heating  is  increased 
considerably  when  the  contact  between  the  carbon  and  the  metal  of 
t!i''  brash  holder  is  bad.  Tlie  rontact  must  be  somewliat  loose  to 
avoid  absolute  rigidity  at  the  rubbing  surfaces;  hence  the  difficulty, 
which  is  to  some  extent  ovrrcome  by  electmlytically  coating  the  upper 
|):iit  of  the  carhiiii  iilock  with  cnp)>er,  which  is  s  inietiin.'s  nickelled  or 
even  gilded.  A  satisfactory  way  of  meeting  the  difficulty  is  to  bridge 
the  loose  joint  with  a  flexiUe  band  of  o^ifet,  rigidly  attached  to  the 


\  with  Conducting  FIrxiblet  atturfied. 
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cai  lxin  and  tho  metal  of  the  holder,  but  (even  then  there  is  a  difficulty 
in  getting  good  contact  between  the  flexible  and  the  carbon. 

To  provide  for  the  numerous  cases  in  wliich  tlie  design  of  the  bru~l: 
holder  for  carbon  brushes  does  not  <•  isure  good  electrical  contact  between 
the  carbon  and  the  fixed  part  of  the  holder,  manufacturers  of  carbon  brushe* 
supply  these  bruslies  with  flexible  connections  firmly  attach'd  to,  and  \v. 
good  electrical  contact  with,  the  carbon,  and  such  tliat  the  other  ends  <.| 
A  ^  these  connections  can  lx>  clamped  to  a  fixed  part  u{ 

the  holder.  Examples  of  brushes  pro\i(ltil  with 
thesse  flexibles  are  given  in  Fig.  142,  which  dejiict  ^ 
brushes  manufactured  by  the  Morgan  (  rucible  Coni- 
pany,  Ltd.,  and  intended  more  especially  for  turb*)- 
dynamos.  The  top  of  the  brush  as  shown  clearlv 
V  at  A  A  is  provided  with  a  nvtal  cap  r  r  firnil\ 

M  embedded  in   the  material  of   the   i)rush.  Th 

M  flexibles  pass  through  filleted  holes  in  th<>  top  of 

M        ^       the  cap,  and  their  ends  are  splayed  out  between 

■  M       the  cap  and  a  thin  sheet  of  copper,  good  electrical 

■  ■       contact  beii}g  ensured  by  the  great  pnssniT  used  in 

■  I  the  manufacturing  process.  No  solder  is  used.  The 
"   metal  cap  being  spread  over  the  top  further  ensiu-es 

that  the  current  shall  \»  drawn  equally  from  every 
part  of  the  cross-section  of  the  brush. 

Another  method,  known  as  the  "  Battersea " 
cr  nnection,  designed  by  the  Morgan  Crucible  Com- 
pany, to  obtain  good  connection  between  the  flexible 
and  the  Mirbon  block,  is  shown  in  Fi.i,'.  14,',.  Ilnh 
about  half  an  inch  deep  are  bored  in  the  carbon, 
and  the  splayed  ends  of  the  copper  wires  of  the 
flexible  are  introduced  and  clainjKHl  tigiitly  by 
metallic  powder  consolidated  bv  h<  avy  pressure. 
Other  methods  of  attaching  the  flexibl.^  to  the  carbon 
blocks  will  be  described  in  the  section  on  motors. 
It  is  s^nmewhat  important  that  some  attention  should  be  i)aid  to  the 
current  density — that  is,  the  ampvies  p<'r  s<iuare  inrh  fl  .viiit;  from  snrfa. 
to  surface  at  the  commutator,  and  also  flowing  witliin  tlie  material  ot  tlie 
brush.  With  carbon  brushes  the  best  practice  provides  a  brush  or  brushe* 
so  long  and  wide  that  the  current  density  doe-  not  exceed  35  amperes  jx  r 
square  inch  at  the  full  load  of  the  machine,  and  in  no  ea>e  .should  tin* 
density  exceed  40  amperes  per  s()tiare  inch.  With  copper  the  current 
(!•  ii-itv  niav  be  miieli  ln.i,'lier,  bii*  there  is  no  general  nil'  a  frequent  prac- 
tice luing  to  provide  ahimt  one  uith  svidth  of  brush  for  every  100  rmp're-.. 
Another  ^tail  is  ftxt  zx^t  whk^  the  length  of  tiiQ  brakes  siiaU  xeaksi 
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Fi^.  143.- The  "BaitM-sea" 
Connection  for  Flexibles. 


Bkush  Holdeks 


^^  ith  thp  commutator.  Copper  shcot  l)nislios  may  lie  tanRentially  as  at  a, 
i  -.'i.  144 ;  wire  or  (<auzo  brusht  s  shoukl  make  a  more  or  less  acute  angle 
.uui  the  radius  at  the  point  of  contact  as  at  6,  Fig.  144,  so  as  to  pre^n-nt 
the  end  and  not  the  side  of  the  brush  to  the  «>mmutator.  C.arlxxi  bnish.  s 
Lii  Ik<  i)I;uc(1  cnd-on  or  radially,  as  at  c,  144,  and  .1.  in  ihi-  pnsitiou 
•iu'  direction  of  rotation  is  a  matter  of  indifference,  it  is  adopted  almosk 

uivc  rsally  for  traction  and  other  motors  whose  direction  of  rotation  has 
I  •  he  fn<iuently  reversed.    .Sometimes  the  rar!)on  bnish  is  set  ov<  r  as  at 
Fig.  144,  so  that  the  revolving  commutator  may  tend  to  pu>li  the  i.ni-li 

u.iiiist  its  supix)rts  and  thus  ensure  better  contact.   In  all  the&e  cases 
the  direction  of  rotation 
of  the  commutator  is  sup- 
posed to  be  clockwise. 

Brush  Holders.  —  Be- 
sides holdmg  the  bnish 
somewhat  flexibly  against 
the  commutator,  the 
i>ni-h  holdt  r  has  to  con- 
duct the  current  from 
the  rubber  or  brush  to 
ilic    outer    circuit.  In 

i  lilitiou  it  should  be  so 
.'1  -ii;ned  that  the  brushes 
(  in  l»e  adjusted  or  re- 
moved for  trimming  whilst 
the  machine  is  running, 
and  it  is  well  to  have 
some  arrangement  for 
riisiiig  and  holding  the 
l.nislit  s  off  the  commtita- 

!  r.  Since  the  bru-^h  holder  is  in  the  electric  circuit,  it  must  he  well 
!.  ulattd  from  the  tiame  of  the  m.irhine  and  also  from  the  l)ni>lie^  i)f 
I  p '-ite  p)larity.  Except  in  machines  which  have  a  tixid  [xi-ition  for 
tlii  brushes — for  instance,  machines  with  interpoles  and  tranuar  motors 
-  the  brush  holders,  both  positive  and  negative,  must  Ik-  fixed  on  a 
ni  ivable  rocker,  so  that  they  can  be  simultaneously  moved  round  the 
I  mmutator,  and  bo  jilaccd  in  tlu'  1x  4  \y  '^itiun  for  ~p,u  kle^s  niiiniiii:  ,1 .  tin; 
1  .id  mcrea'-es  and  decreases.  The  ab'.>ve  jmints  should  Iw  Iwirae  in  mind 
111  naihng  the  following  descriptions  of  actual  brush  holders. 

A  hni'-li  holdi  T  f  ir  r,ii!)iin  litiislir^.  dr signed  by  the  finckir Win .  l.  r 
I  ■  iiipany,  i>  iilu~ii.it"  rl  la  1m.;s.  145  .md  i4(),»  the  fornB-r  lit  ing  a  --ule  ami 
iJie  latter  a  perspective  view.    In  this  case  the  cajlM)n  hbck  •  is  firmly 
*  l«ni  t^'  :h«  Gtncntl  El««uic  Cuaipaay  of  Lsndoa. 


Fig.  144.— DiiTcicnt  Amtk-t  <l  which  Unuhcs  may  be  Set  on  a 
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claiTiped  in  the 
ci'll  c  by  twi) 
clamping  screws 
which  bear  on  a 
sheet  of  bra.s 
which  protects 
the  carbon  from 
being  broken  by 
the  ends  of  the 
screws.  The  ci  ll 
c  is  carried  by 
four  flexible 
springs  s  s,  one 
HiMMJ  ROLLED  COPPER  LEAVES  at  each  corner, 
formed  of  hard 
copper  leaves, 
which  are  fixed 
at  one  end  to 
the  cell  and  at 
the  other  to  the 

9(4id  base,  which  is  ia  one  piece  with  the  spoke  attached  to  the  cocker 
ring.  An  ad- 
justing screw 
passes  thiDUf^ 
appmpriate  lugs 
on  the  cell  c 
and  loosely 
through  the 
head  A  of  a 
fixed  arm  a,  be- 
tween the  lower 
surface  of  which 
and  the  upper 
hi;;  on  Mie  cell 
C  is  placed  the 
pressure  spring. 
The  whole  de- 
sign is  ingeni- 
ous, as  it  ({ives 
the  necessary 
mechanical 
llexibihty  whilst 

providing    a  ,«e.-u«.kct.Wbeelcr  Cvboa  Bnub  HuMk 
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•  >od  conducting  path  between  the  moving  brush  and  the  fixed  rocker 
tl  trough  the  copj^r  leaves. 

Tho  hni-^li  holder  used  on  the  Johiison-Luiulcll  gt  iierators  is  shown  in 
11^.  147.    liiTu  again  tlie  flexible  mechanical  connection,  combined  with 


Ftf.  147.— Johmod-LuiKlell  Cwboa  Bnub  Hotdm 


i;ood  electrical  conductivit v  l)etween  the  brushes  and  the  fixed  part  of  the 
I  i  iish  holder,  is  obtained  by  tlie  use  of  long,  flat  springs,  the  details  of  which 
can  be  seen  in  the  drawing.  The  carbon  brushes  are  clamped  on  by  butter* 
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fly  nnts  and  butt  closely  up  against  one  anotlicr,  in  tliis  way  differing  from 
the  brushes  which  are  clamped  in  separate  cells.  The  tdvantage  claimed 
for  the  ariaiinciiu'nt  is  that  it  ensures  an  even  wear  on  the  surface  of  the 
commutator  and  prevents  the  developinont  of  ridi^es.  Tlie  disadvantat,'- 
is  that  it  is  not  so  easy  a  matter  to  remove  one  of  a  st  t  of  hnnhes  whil-t 
the  machine  is  running.  The  stem  s,  to  which  the  fixed  part  of  the  bnish 
holder  is  attached,  is  shaped  as  shown  so  as  to  be  conveniently  clamiMul 
to  the  Kear  by  which  the  brush  holders  are  put  in  parallel  and  fixed  to 
the  maehinc. 

The  carefully  designed  brushes  and  brush  holders  used  on  the  larpe 
machines  built  by  Messrs.  Dick,  Kerr  and  Co.  are  shown  in  Fifjs.  14S 

and  149,  the  bru-li 
holders  for  their 
smaller  machines 
being  illustrated  in 
Fig.  150,  Fig.  i4>S 
shows  in  persjx'ct- 
ive  the  former  gear 
attached  to  a  i.ouu- 
kilowatt  machine,  a 
I)nish  holder  for  one 
of  the  brushes  hc'wv,^ 
shown  in  Fig.  149. 
These  separate 
brush  holders  are 
threaded  on  to  the 
spindle,  which  ran 

Fig.  M9.-DeuiI«ofDkk,ICeriandCa*iC«iboolk«diHoU«(btIjug«M»cbin<*       ^^Cn  attached  to 

the  bracket  in  Fig. 

148,  this  spindli^  being  passed  through  the  split  sleeve  a.  Fig.  149,  and  firmh 
clainjx'd  at  any  convenient  angle  by  the  screw  b.  The  brush  carrier  's 
borne  by  two  long  light  springs  s,  and  Sj  attached  to  the  sleeve,  and  a 
longer  and  stronger  spring  s,  attached  to  a  bracket  carried  by  the  sleeve  ; 
this  last  spring  can  be  adjusted  by  the  screw  c.  The  brush  B  itself  is  held 
firmly  against  the  carrier  n  by  the  screw  d,  the  head  of  which  jnesses 
against  a  curved  flat  spring  s^,  which  presses  on  the  surface  of  the  brush, 
giving  a  firm  but  flexible  grip.  The  whole  arrangcntent  is  f^ly  simple  and 
convenient,  and  is  said  to  give  satisfaction  under  very  varied  conditions. 

For  smaller  machines  Messrs.  Dick,  Kerr  and  Co.  make  the  Imi  ii 
holiler  -hown  in  Fig.  150.  In  this  holder  the  carbon  h\\\A\  is  caiiied  m  .; 
cell  which  is  cast  in  one  piece  with  the  sleeve  a,  which  slips  on  to  the  brush 
spindle  and  is  clamped  tight  in  a  fixed  position  by  the  screw  b:  The 
necessary  flexibility  is  obtained  by  the  movement  of  the  carbon  brush  in 
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coll.  The  Lnish  is  pressed  down  on  the  commutator  by  the  pnssure 
'  !  the  curved  arm  c  moving  on  the  pin  pi  The  pressure  is  regulated  by 
'     spiral  sprinR  s  one  end  of  which  is  fixed  to  the  bracket ;  the  other  end 

loose  and  is  the  lever  /,  which 
ill  eng.ii^i!  in  any  <ine  of  the 
ii'tches  of  the  semicircular 
t  "'thcd  sector  <f,  thus  setting 
or  slackinfj  off  tiie  force  of 
\\m  spring  and  adjusting  the 
:  >siiio  on  tiu!  bnisli.  As  the 
l  i  ush  is  loose  in  its  cell,  elec- 
t !  11  al  connection  has  to  be  made 
'i'  twecn  it  ami  the  tixod  slci  vi' 
liy  the  flexible  conducting  cord 
\.  The  design  is  good,  simple, 
i  hl  n<it  costly  to  inaniifacturc. 

Two  patterns  of  radial  brush 
li'ihU  rs,  designed  by  Mr.  Cliurch- 
w  ard,  of  the  Siemens  and  Halske 
r.iinpany  of  America,  for  the 
i  irgo  multipolar  goni  iators  of 
iht;  company,  are  shown  in  Fig. 
151.  The  carbon  block  is  fitted 
into  a  three-sided  metal  box, 
\v  liii  h  slides  inside  another  metal 
1)  )X  attached  to  the  fixed  part 
(it  the  holder.  A  pin  projects 
from  the  hack  of  the  first  box  sufficiently  far  for  a  flexible  lead  to  be 
hit  red  to  it.  Surrounding  this  pin,  but  separated  from  i'  by  a  badiy- 
ii.ln,  tii^'  sleeve  to  keep  it  from  being  heated,  is  a  spiral  spring,  by 

which  the  pressure  of  the  carbon  against 
the  conimutatnr  can  bo  ica.lilv  adjusfid. 
The  protection  of  this  spring  from  being 
heated  ensures  that  its  elasticity  will  be 
retained  for  a  nuu  h  longer  period  than  if 
it  were  being  continually  heated  and 
cooled.  It  Is  claimed  that  the  brushes 
can  be  relud  ujx)n  to  be  seh'-feeding 
and  self-adjustin!:. 

The    liiL;!i  >]>(  ■  il   at   wliic-li  turbo- 
dynanios  run,  combined  with  the  vibra- 
tion of  the  shaft,  renders  it  difficult  to 
fig.      siuMM  Cirbai  Bnih  Huidm.     CHsure  a  firm  contact  of  the  brush 


Fig.  1(9.— Oidt,  KaiT       Co.'>  Cirtaa  Bnub  HoMei  for 
Small  HachioeiL 


F.LF.CTItlClTY  IN  TUB  SSKf/CK  OF  MaN 


a, 


without  excessive  pressure,  and,  therefore,  <  xcessive  frictimi,  leading  to 
large  development  of  heat.  Devices  for  co(  iling  the  comnratator  are  de;>crilx  i  i 
elsewhere,  as  well  as  the  use  of  radial  bnishes  wliich  arc  not  affected  by  thi 
vibration  or  cliattering  of  the  shaft.    Fig.  15.:  shows  a  plan  which  has  been 
worked  out  bv  the  Morg.m  fiiicible  Conipany,  Limited,  to  give  an  elasti 
pressure  wliich  will  respond  more  rapidly  to  the  vibrations  than  inctalik 
springs  can.   The  principle  consists  in  the  substitntiun 
of  romjiressi'd  air  for  a  solid  spring.    The  compressul 
air  (  iifcring  tlie  chandx  r  in  the  nut  A,  passes  down  tin 
core  of  the  stein  B,  through  the  nozzle  f,  into  th 
chamber  H.    The  stem  i,  carrying  the  carbon  brush,  is 
firmly  attached  to  the  hollow  cylinder,  which  slidi*; 
inside  the  outer  cy''..'ler  c,  the  air  being  prevented 
from  escaping  by  '\\'  tlexibie  packing.    The  result  i^ 
that  the  compressi  '       in  the  chamber  acts  as  an 
elastic  cushion,  and  maintains  the  brush  in  close  con 
tact  with  the  commutator  without  excessive  friction. 

For  actual  use  the  brushes  and  holders  arc  asseni- 
bK'd,  as  indicated  in  Fig.  153,  wliich  shows  a  brusli 
spinflle  and  eight  brushes  in  position  on  the  commutator 
of  a  turbo-dynamo.  Full  details  of  the  mounting, 
which  is  most  conveniently  described  here,  instead  ot 
later,  are  given  in  Fig.  154,  in  which  will  be  seen  how 
th(!  rarlxm  brushes  are  supported  by  collectors  separ- 
ately from  the  pneumatic  gear,  which  is  used  solely 
to  supply  the  necessary  pressure  at  the  back  of  tlie 
carbon  block.  Details  of  the  rocking  arrangement  for 
adjusting  the  lead  of  the  brushes  can  be  readily  made 
out,  the  rocker  being  locked  by  the  handles  h  h  when 
the  right  position  has  been  found.  The  sectioned 
block  B  represents  the  bar  conveying  to  the  chamber 
Ixliind  the  plunger  the  compressed  air,  which  is  su]i- 
plied  at  a  pressure  of  2  lbs.  or  3  lbs.  per  square  inch 
by  two  small  pumps  placed  on  the  bed-plate  of  tlie 
dynamo,  a  few  strokes  at  starting  being  sufficient  to  set  up  the 
pressure.  Two  pumps  are  used,  half  of  the  brushes  being  placed  on  each 
to  provide  against  the  contingency  of  the  air  pressure  Ix'ing  accident;'l!\ 
destroyed.  As  it  would  be  improbable  for  this  to  happen  to  both  puni]) 
systems  simultaneously,  only  half  the  brushes  would  be  placed  Aors  it 
com'  it  at  any  one  time  by  such  an  accident. 

Brush  Gear  and  Brush  Rigging.— It  will  be  interesting  to  consider 
next  the  methods  by  which  the  brushes  and  their  holders  are  mounted 
on  the  machines  with  or  without  provision  for  rocking. 
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'ilu-  );i;ir    used   by  Messrs.   CiDinpton  and  Co. 

( Inia-s  in  slunvn  complete  and  also  dissected  in  Fig.  135. 


fur  tlieir 
The  split 

kii,    which  is 

iiiixd  to  a  suit- 
.  ;>  -I'.Uiiif;  on  thu 
I'.iring  hood,  is 
-o  n  at  R.  It  has 
;  ilKinKtricallycp- 
;  -ito  positions 
i  .jcctinK  lugs  to 
\Miich  are  attached 
tin-  brush  spindles s, 
w  jell  arc  insulated 
1 1 '  in  the  metal  of 
the  machine  by  a 
i  iK  a  collar  C.  The 
i'l  iisli  spindles  carry 
tiie  bnish  holders 
H,  which  are  of  the 

i>  \  ty{)e  for  carbon  bru^itcs,  are  fitted  with  adjustable  s|Mings,  and  are 
mounted  so  as  to  permit  of  a  radial  adjustment  of  the  box  to  allow  for 


\\  \ . 
lies 


ii^.  154.— Uet:..  .      Ktfgint;  fur  Pneumatic  Unuh< 


f  of  ;he  mniutator  Th  •  current  is  transmitted  from  the 
to  the  s;.  ndles  by  flexible  copper  connections,  thus  bridging 


i!k  io'  sc  ro'i'uct.   The  brush  spindit.'  is  prevented  from  turning  round  by 
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the  locking  plate  l,  to  which  it  U  keyed,  one  end  of  this  plate  bcini; 
registered  by  •      in  the  rocker,  from  whidi  it  is  insulated  by  the  collar  r. 

TJie  wa>hiTS  w  arc  fitted  between  the  nuts  and  the  insulating  collar 
on  the  spiiulle.    A  six-pole  50-kilowatt  marhine  showing  brush  gear  of  tl. 
above  pattern  in  position  is  illustrated  in  Fig.  156. 

The  cuUcctiun  of  the  large  currents  at  low  voltage,  genaated  by  cotn- 
paratively  small  machines  for  electrcdytk  mule,  requires  careful  design  in 
the  conunutatw  brush  hdders  and  brushes.  The  commutator  is  mu<U 

longer  than  con.- 
^  mutators  on 
machines  of  equal 
output  at  hightr 
voltages  running  at 
approximately  the 
same  speeds,  and, 
as  a  rule,  the  com- 
mutator Ij.lit?  are 
much  thicker  and 
fewer  in  numbtr, 
The  brushes  ar< , 
of  course,  mn:, 
nimierous,  since  it 
is  more  convenient 
to  liave  a  number 
'  of  comparative!}- 
narrow  brushes 
than  one  or  two 


wide 


Fig.  i5).-l)ci.iiU  of  Ciompcoo  Bnub  G«ar. 


almormally 

 .  tmes. 

In   the  early 
days  machines  for 

( !,  i-t'  'if  work  were  t  ip  'lar,  and  some  surh  have  been  described  in 
I'lt  vious  (ilitiniis.  Tlii'i  ii.cessitat' d  the  collection  of  the  whole  of  the 
current  by  a  sinple  line  of  brushes,  but  in  view  of  the  low  voltages 
required  bUcli  machines  can  well  be  made  multipolar  with  comparativiiy 
small  diametpi-s  hi  the  armatures,  and  with  fairly  low  speeds.  By  using 
the  multipolar  principle  the  colln  tidn  of  the  current  becomes  easier,  as 
it  is  divided  between  a  greater  i.uihber  of  brush  spindles,  and  at  the 
low  voltage  there  is  practically  no  danger  of  "  flashing  over,"  even  though 
tlie  bmshes  of  opposite  polarity  are  comparatively  close  together  on  the 
coiiimut:i(or. 

Th.  biiish  gear  of  a  ax-polc  machine  designed  by  Messrs.  Crompton 
and  Co.,  Limited,  specially  for  electrolytic  work  is  shown  in  Fig.  157, 


C.ir.LKCTloy  i>F  / inf-  I'or.TACR  Iff  AVY  CfKKt  xr.'; 


.'  (U-namo  Ix-ing  driven  by  an  iloctric  motor,  sljown  on  the  riglit,  taking 
I  \\\r  at  a  niiuli  liiiilu  r  vultatji".    "Dxv  dynamo  when  run  at  600  R.  P.  M. 

r.ipablr  of  f^u  ill^  .1,(XK)  atllpi  ics  at  fimii  2  to  .S  Vi'lls.  It  is  lint  Si  lt-«  xriti  il, 
l  .r  sinct  the  liigher  voltage  supply  is  avuilabU-  it  is  (ownd  pu  ft  rablf  to  takf 
ttio  exdtatimi  carrent  from  H,  u  exdtatkm  at  the  abovc^mimcd  low  voltage 
would  necessitate  heavy  windings  on  the  magnet  circnit*.   In  i\m  case,  by 


rig.  156.— Crooiptoo  fa- Kilowatt  Dyaaao,  thjwinf  Briuh  G«  r. 


n-inK  the  460  volts  of  the  supply  circnit  rather  than  the  two  to  i  i-jht  volt-. 
„f  the  machine  itself,  the  exciting  i.urn-nt.  whicli  has  to  supply  4,5(w 
ampere-turns  per  pole,  is  reduced  from  bttwuen  100  and  400  aiiipcn to 
the  low  figure  of  175  amperes  for  whi-h  tlie  magnet  coils  can  be  more 
( ;i-ily  wound.  Further  advantages  are  that  the  difficulty  of  having  to 
handle  these  addition.il  currents  on  the  commutator  is  avi.iilcil,  ami  also 
the  still  greater  dilhcully  of  adjusting  such  heavy  curnnts  lor  varying 
loads  and  vdtages.  The  power  used  for  excitation  is  800  watts,  wliich  is 
only  3-3  per  cent,  of  the  full-load,  24  kilowatts,  of  the  machine.  The  mount- 
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ing  of  the  brash  gear  is  of  the  usual  "  Crompton  "  iy^  aheady  described 
{see  page  155). 

In  large  machines  for  electrolytic  work  it  is  not  unusual  to  find  tho 
current  divided  between  two  wide  commutators,  one  at  each  end  of  the 
armature,  thus  giving  a  longer  axial  bearing  surface  for  the  brushes  without 
inconveniently  lengthening  the  pins  upon  wliich  the  separate  brushes  ar< 
threaded. 

^  Brush  Gear  jor  Large  Machines. — For  large  multipolar  machines  some- 
thing more  is  wanted  than  the  simple  rocker  of  the  bipolar  machine  on  which 
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the  two  brush  holders  of  such  machines  arc  usually  mounted.  In  the  early 
days  of  mult  ipolar  machines,  schemes  of  winding  the  armature  were  devised 
such  that  all  the  necessary  rross-conncrtions  wore  made  inside  the  machine, 
and  tho  number  of  brush  hokUrs,  reduced  to  two,  placed  at  an  angular  dis- 
tance apart  depending  on  the  number  of  poles.  Such  windings,  though 
possible,  are  not  now  widely  used  in  practice,  chiefly  because  of  their  com- 
plexity, which  not  only  increases  the  danger  of  error  in  construction,  but 
also  makes  re])aii-s  costly  in  the  event  of  a  breakdown.  Parsing  by  series 
anil  scries-parallei  winding  schemes,  there  are,  except  for  balancing  purposes, 
already  referred  to  {see  page  128),  no  cross-connections  inside  modem  multi- 
polar  machines,  and  tlie  necessary  paralleling  of  the  different  sections  of 
the  armature  is  accomplished  by  connecting  the  brusln's  in  two  sets  with 
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j  Kiper  conductors,  which  are  carefully  designed  as  part  of  the  bn:sh  gear, 
i  iie  rosul*  is  that  the  arrangements  for  carrying  the  brush  holders  and 
j  npt  rly  onnecting  them  to  one  another  and  the  terminals,  and  for  enabling 
•!i('in  to  be  rocked  simultaneously  to  adjust  the  lead,  cause  a  very  serious 
[uldition  to  the  prime  cost  of  the  machine,  and  also  necessitate  more  con- 
stant supervision  and  care  from  those  who  are  in  charge  of  it  when  in  use. 
The  complexity  of  the  brush  gear,  including  the  Wush  holders  as  a 
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p.irt  thereof,  increases  with  the  number  of  poles  and  the  magnitude  of 
the  current  to  be  collected,  and  this  complexity,  combined  with  the  actual 
ui  iglit  to  be  supported  and  the  stresses  to  be  provided  'or,  lias  In',  to  various 
methods  being  adopted  for  the  main  support  of  liie  brush  gear.  For  our 
present  pu-iX)sc  it  will  be  sufficient  to  divide  these  into  *^ree  classes,  and  to 
i.fer  briefly  to  each.  The  classes  are  those  in  wiiich  the  gear  is  carried 
(,/)  by  the  magnet  frame  of  the  dynamo,  or  (6)  by  the  pedestal  containing 
the  axle  bearing,  or  (c)  by  a  separate  support  bolted  to  or  otherwise  carried 
by  the  bed-plate. 

(//)  Magnet-supported  Brush  Rigging. — Several  examples  of  the  first  of 
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the  alv)ve  rlasscs  are  given  in  different  parts  of  the  Ixiok,  and  a  fintlic 
example  is  given  in  Fig.  158,  wliich  shows  the  mounting  of  thr 
brush  gear  of  a  large  eight-pole  CrockerAVhoeler  dynamo.  The  gear  is 
supjM)rt((l  from  the  yoke  rinp  the  marliino  by  four  projecting  brackets 
bolted  on  to  the  latter.  ise  brackets  encircle  an  outer  iron  rinj; 
with  a  kind  of  half  sleeve,  through  which  the  ring  can  slip  when  the 
worm  gear,  operated  by  the  hand  wheel  11,  is  worked.  The  brush  rigf;ing  of  1 
similar  machine,  but  gmerating  still  heavier  currents,  is  shown  sepaiatil\ 

in  Fig.  159.  A  cir- 
cular  iron  casting, 
made  in  two  parts, 
supports  tlie  bnisli 
holders,  which  liavi 
already  been  partly 
illustrated  in  Fig.  146 
The  holders  are,  of 
course,  insulated  from 
the  ironrin^  to  wliich 
they  are  mechanically 
attached  by  imii 
brackets.  Two  flat 
copper  rings  are  at- 
tached, one  on  citlur 
side  of  tlie  inner 
rocker  ring,  all  the  + 
brush  holders  bcin^; 
electrically  connected 
to  one  of  these  rings, 
and  all  the  —  brush 
holders  to  the  other. 
The  attachment  of  the 

Fig.  «59.-Prush  RK?ing  of  1,500-Ampere  Crocker- Whetlor  Dynamoa.      rigging  tO  the  yokc  ring 

is  shown  in  Fig.  158, 

The  dynamo  in  Fig.  15S  has  an  output  of  150  kilowatts  at  a  speed  of  150 
R.  P.  M.,  the  voltage  being  100,  which  gives  a  current  of  1,500  amperes,  or 
375  amperes  per  brush  holder,  and  as  each  brush  holder  contains  four 
carbon  brushes,  there  is  an  average  current  at  full  load  of  about  94  amperes 
per  brush.  The  brush  gear  shown  in  Fig.  159  would  at  the  same  density 
carry  alwut  2,600  amperes.  As  an  instance  of  careful  attention  to  small 
details,  it  may  be  noted  that  the  copper  rings  between  the  brush  attach- 
ments are  overwound  with  cord  covered  with  insulating  paint. 

It  will  be  instructive  for  the  reader  to  compare  this  brusli  gear  with 
the  brush  gear  shown  in  Fig,  203,  depicting  a  more  rm  nt  machine  by  the 
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inu'  firm.  Tlic  later  machine  collects  3,750  amperes  with  six  brush  spindks 
and  tlurtctn  brushes  per  spindle,  which  works  out  to  48  amperes  pir  brush 
holder. 

Anotliti-  ixaniple,  this  tiiiu-  of  Knglisli  d(>if,'ii,  is  f,'ivtn  in  Fig.  160, 
uliidi  npresciits  a  ten-pole  dynamo  built  by  Mt>.srs.  Dick.  Ktrr  and  Co., 
l  imited,  in  which  the  brush  rigging  is  also  carried  bv  brackets  aftaclied  to 
;lir  yoke  ring.  In  this  ca'^e  the  brackets  only  .ii.  ncK'  sdtoi-s  n|  a  ring, 
and  these  sectors  sui)port  a  continuous  ring  ol  much  smaller  dianitter,  to 
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wliich  the  brush  spindles  are  attached.  These  spindles  carry  hiiish  holders 
of  the  firm's  standard  type,  which  has  already  been  dcscribwi  (s*  paqo  152). 
J'hr  niarhinc  not  havuiL,'  coininufatiiig  jioks,  anangniu  nts  aro  made  to 
imk  the  whole  of  the  brush  rigging  in  the  usual  way.  the  scctorj  sliding 
in  the  bracket  attached  to  the  yoke  ring  being  sufficiently  long  to  provide 
fnr  the  full  range  of  movement  which  is  likely  to  be  re-juired.  The  iiiaehlMc 
illustrated,  which  was  supplied  to  tlie  well-known  Atlas  Uoiks  of  .Messre. 
J.  Brown  and  Co.,  at  Shellield,  has  a  full-load  outpu:  of  1,630  amperes 
at  230  volts,  or  375  kilowatts  when  ruiniing  at  140  k.  y.  ^r. 

Similar  methods  for  supporting  the  brushes  are  used  by  the  Brush 
63 
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Eli  rlrir.il  EiiL;inrcriiiL,'  (Oiiip  uiy.  a"^  will  Ix'  r-  aliscd  by  an  inspcrtinn  of  Fit;. 

wliicli  cK  picts  a  machine  ha\  ing  an  output  of  500  kilowatts  at  5<)<>  volts 
wht  n  rnnn  ;  at  500  r.  p.  m.  There  are,  however,  important  difurt  nces 
in  the  ili  tail-  tin-  ili -i.^n  of  tlie  fiwil  supportin;;  brackets,  tiu-  niovaljli' 
rinK,  and  the  anus  b\-  wliirh  tlic  actual  brush  holders  are  attached  to  tlic 
njovable  rin.i,'.  The  reader  will  find  it  interesting  to  compare  Figs.  I'n 
anil  if)o  point  by  point.  The  full  load  current  is  1,000  amperes,  which 
gives  200  amjx;res  for  each  of  the  brush  spindles.    The  -f-  and  —  paral- 


leling rings  are  well  protected  by  the  movable  ring. 


Tliere  i>  tlie  usual 
rocking  gear  for 
a  non  -  interp«>le 
machine. 

Particulars  of 
a  similar  method 
adopted  by  the  In- 
temational  Elec- 
trical Eni;iueering 
Company  of  Liege 
are  given  in  sec- 
tion in  Fig.  1O2, 
which  is  taken 
from  the  dynamo 
already  partly  de- 
scrilxd  at  page  m: 
(FiK.  03)-  The 
bracket  B  supjiort- 
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Compa))y*&  Dynamo. 


^j^^^^^  "^^-'^^Sl^^^^^i^^f^^B  to 

the  frame  of  the 

machine,  and  the 

1.  u>Il  spindlt  s  s  are  carried  <  ,1  the  rin\  in  the  manner  .shown.  Incidentally, 
the  illustration  i-;ives  interesting  details  of  how  the  commntator  C  is  built 
up  and  suppf)rted  from  the  armature  spider  p. 

As  a  final  example  of  this  type  of  nio'anting  we  illustrate  in  Fig.  lO.i 
the  siih^fatiii.il  bri'sh  gear  attached  to  a  dynamo  hiiilt  by  tin  Wcstin^'iioiise 
Company,  .and  intended  for  electrolytic  work,  to  give  the  large  current 
of  4,250  amperes  at  200  volts  when  running  at  80  r.  p.  m.  The  machine 
Ikls  i()  poles  and  the  s.ime  number  of  separate  brush  sjiindles.  At  full  load 
each  (it  these  brush  spindles  will  have  j)a.ssing  tiu'ough  it  a  current  of  5.511 
amperes,  which  is  divided  between  eight  separate  brushes,  or  an  average 
of  66  amperes  jx  r  brusli,  which  certainly  does  not  err  on  the  side  of  being 
too  small,  and  yet  even  '^  is  current  per  brush  necessitates  no  less  than  128 
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-•  p.irato  bnislu^.  Tlu-sc  figun-^  f,'iv<'  sdine  iilra  of  flir  (lit)i<ultirs  to  ln' 
i.iifd  in  designing  the  nui!tijx)lar  brush  gear  fur  luiri-nts  of  this  n.agnitudi'. 
The  sixteen  Inrtish  holders  are  supported  by  a  broad,  flat  ring,  whirli  is 
n  i  it  il  In-  higs  j)i(ijocting  inwards  from  a  ring  wtiicli  appears  to  br  bnltid  tn 
I  t  yukc  ring.  Tlie  rings  a  and  h  for  joining  altonate  tnnish<s  in  paralK  l  arc 
lightly  larger  in  diameter,  and  lie  one  in  front  of  the  other  with  insulating 
listance  and  carrying  pieces  at  in- 
tervals ;  projections  from  the  very 
uh-^tantial  brackets  which  carry  the 
brush  holders  are  bolted  to  these 
rings,  as  shown.  The  whole  is  so 
mounted  that  it  can  be  rocked  to 
iuljust  the  lead  by  means  of  the  hand 
wheel  on  the  right-hand  side.  This 
hand  wheel,  through  the  bevel  gear, 
rittates  the  horizontal  shaft  at  the 
bottom,  and  this  shaft  carries  a 
worm  which  works  into  the  worm 
teeth  on  the  short  circular  s€^ent 
attached  to  the  rings  at  the  bottom. 
I  )iu'  great  advantage  of  this  design 
IS  that  the  rings  do  not  project  over 
the  commutator  face,  and  therefore 
the  numerous  brashes  and  the  com- 
mutator itself  can  easily  be  insp(>cted 
whilst  ranning  and  kept  in  good  order 
by  the  attendants 

(h)  rcdcstal-supportcd  Brush  Ri^- 
i^iiii;. — E.xamplcs  of  the  second  nu  ihod 
n(  su])porting  the  brush  gear,  namely, 
iroin  the  pedestal  carrying  the  axle 
'I'ariii;,',  have  appeared  on 
several  machines  already  de- 
scribed  (see  Figs.  5,  6,  12,  123, 
156,  157  and  Plate  III.),  and  a  fairly  simple  example  is  exhibited  in  Fig.  164, 
whuh  is  taken  from  a  six-pole  machine,  having  an  (jutput  of  75 
kilowatts,  and  cini-^tructed  by  the  International  Electrical  Kngineering 
Company  of  Li^ge.  The  rocker  is  a  six-arm  spider  moved  and  clamped 
l  y  the  handle  H.  The  ]>rojecti- arms  carry  the  insulated  pins  p 
winch  sujiport  the  brush  holders,  and  these  pins  arc  connected 
three  and  three  by  two  sulisiantial  copper  strajis,  one  of  which 
passes  outside  and  the  other  inside  the  arms  of  the  spider.  The 
connecting  washers  on  these  straps  are  extended  at  the  two  lowermost 
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brushes  into  thimbles  into  wliich  arc  s\v(  atcd  the  (ItxiMe  conductors  con- 
necting tlic  rings  to  the  terminals.  The  machine  is  designed  to  give  312 
amperes  at  240  volts ;  there  arc  therefore  104  amperes  per  brush  holder,  and 


Fig.  163.— Brash  Gear  of  4.t5o-Anqm  WestingboMW  OyiMuaa 

this  current  is  collected  by  tlireo  carbon  bnishcs  in  each  holder.  A  more 
recent  example  of  such  a  method  of  support  is  given  in  Fig.  165,  which  depicts 
a  much  larger  machine  built  by  the  Electrical  Company,  Limited,  and  designed 
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•0  give  960  anipt-res  at  230  volts  when  run  at  a  sp<(il  of  425  r.  p.  m. 
rin-  inachiiH'  King  a  ton-pi  !''  (l\niaino,  the  l)ni>lus  aio  caiiu d  mi  a  ftn- 
aiiu  spider,  each  arm  carryuii;  at  its  extremity  one  of  the  iii^ul.ii< d  bru&b 
spindles,  which  in  its  turn  carries  seven  brush- 
'  olilcrs  and  their  hnislics.  liaoh  brush  thcn  fnre 
collects  27-5  arajxTt  s  and  each  spindle  ii)2  amperes. 
As  in  the  last  example  the  paralleling  rings  ii 
anil  b  are  carried  by  the  ix)sitive  and  negative 
hnish  spindles  respectively,  one,  a,  outside  the 
spider  arms  anil  the  other,  h,  inside.  The  hand- 
wheel  for  rocking  the  spider,  and  through  it  the 
brushes,  is  shown,  and  the  method  of  operation 
■  an  be  readily  made  out.  The  usual  rocking 
arrangement  is  shown,  although  the  ••  acliine  has 
intcrpoles: 

Another  example  is  the  large  ter.  ■  pton 
machine  of  which  full  details  are  j    ■■  in  Plate  III.  and  which  has 
already   been   partly   described    els.  where    {see  pages  22  and  85). 


Fig.  164.-  Hrush  r.e.ir  of  Sii-pok 
75-Kituwdlt  l)yn.unu. 
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There  are  lo  collecting  spindles  each  mounted  on  one  arm  i>f  a  (i  n-ariu 
sjii'ler,  and  each  carrj'ing  12  carbon  brushes.  Since  tlu'  lull  Ki.ul 
current  is  i,()5<>  amperes,  the  current  per  brush  is  about  ^7-5  aiiiptio, 
and  the  twtul  iiuiiilxr  of  brushes  is  I  Jo.  TIk'  commutator  is  jo"  :ii 
diameter,  and  at  the  normal  speed  ui  tlie  machine,  230  K.  V.  M.,  riii 
at  a  perii^eral  speed  of  1,970  leet  per  minute.  It  is  interesting  to  note 
that  the  paralleling  rin^  are  both  on  the  bearing  side  of  the  spidei,  and 
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that  there  is  no  arrangement  for  rocking  the  brushes,  the  cominutating 
poles  enabling  the  machine  to  run  with  fixed  brushes,  the  position  being 
determined  once  for  all  and  for  all  loads  when  the  niarhine  is  first  tested. 
To  diminish  the  actual  current  in  the  different  parts  of  the  paralleling  rings 
the  cables  to  the  fixed  terminab  are  tUtached  to  more  than  one  spindle 
in  each  ring. 

(c)  Separately  Supported  Brush  Ringing.— An  example  of  the  last  division 
of  our  cla>;sification,  in  which  the  brush  gear  is  sui)p(>rted  scparaltlv 
from  the  machine  itself,  is  given  in  Fig.  166.  which  represents  a 
large  multipolar  dynamo  built  by  Messrs.  Siemens  Brothers  Dynamo 
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Works.  Limited,  and  (U'signed  to  give  1,800  kilnwntts  at  530  volts  wlu  n 
running  at  2jo  r.  p.  m.  This  mc:ins  tli.ii  the  niiiMit  1,,  l..-  (..IIkI.iI 
IS  about  .^,400  aiii|H'ii's.  As  will  !).•  m  in  tlu'  iliu>ti.itic  11,  tli«-  in.iiii 
Mipport  (il  till-  hnisli  riKKiiif,'  is  a  -ulNt.iiithil  riiig  cmritd  liy  two  l)i.uk>  ts 
s.  jwrately  boltfd  to  the  foundations.    This  ring  encircles  tlie  commutator  at 

iliout  the  middle  of  its  axial  length,  and  from  it  the  bntsh  spindl.-s  extend 
iiqlil  anil  lift  oviT  thi'  surlace  of  the  loiniiititator  ranviiu;  hiii-li  ln>lilen* 

•t  till-  ])atl(ni  aliiady  described  (Fig.  151),  as  (lf>.igmil  by  tins  liriii.  As 
ill.  in  ii  iiiiif  has  ti  ll  iM)le8  ther^aretcn  collecting  spindles,  and  there  appear 
lu  be  live  bi^h  holders  on  each  vsible  hall  spindle.   This  gives  the  some' 


Ull 


I.    4  k. 


fig.  i<7.— TurIii>-t>ynMao  Bnuh  Ccat  for  Metallic  Bnisbc*. 

what  Inip.^  current  of  dS  amperes  per  hnisli  lioliler.  Onr  i>{  tlic  paralU  ling 
rings  joining  alternate  brush  spindles,  as  also  its  coiniMiioii^  to  ihr  Iiiii>li 
spindles,  can  be  clearly  seen,  as  also  can  one  «)f  the  li  a<ls  pa^^i^.';  away  (loni 
this  ring  into  the  pit  or  tunnel  below  the  flynaino  through  which,  iis  is  usual 
in  machines  of  this  size,  the  current  generated  is  kd  away  to  the  switch- 
board. 

The  most  numerous  examples  of  this  method  of  supjKirting  the  biu^h 
rigging  occur  in  the  design  of  turbo-dynamos,  which  will  now  be  dealt  with 

separately  as  they  havi*  In  en  in  I  'lier  parts  of  the  buck. 

Brush  Gear  for  Turbo-Dynamos. — In  the  early  il.iys  of  tlie  develop- 
ment of  turbn-dynamos  the  advantages  of  using  carlxm  brushes  were  not 
well  undvr-t'"-(?  as  they  were  ?n!--c<i'H  ntly ;  and  r.v.-.vt-f.vfr  ih.no  were, 
and  still  are.  difficulties  in  their  use.  to  whicli  allusion  has  bctii  made  else- 
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wlurp.  r.inM.iu.nlly  the  brush  par  was  (l.sii,'n(>(l  for  the  «««  of  wire 
gauzf  or  wire  brushes,  and  some  disiRnors  still  hold  th.it  sik  h  hnish.  s 
especially  when  combined  with  a  grcovcd  commutator,  arc  lu  st  f..r  thi- 
particular  work. 

A  turbo-dyiianio  commutator  with  brush  gear  for  metallic  brushes  is 
ihown  in  Fig,  167.  The  machine  n  obvirosly  bipolar  and,  except  for  the 
inassivenessof  the  mountiuK  and  the  iir.  sonce  of  the  clatnpinK  rings,  the  fif,'ni. 
miRht  iH'long  to  an  ordinary  dynamo  (..r  electrolytic  work.  Attention  may 
l>c  drawn  to  the  thickness  of  the  commutator  bars,  which  can  he  clearly 
seen,  as  the  photograph  has  been  taken  with  the  machine  not  running. 

With  the  development  of  the  turbo^ynamo  during  the  last  few  years 
special  attention  has  been  paid  to  aU  the  details  of  the  toushes  and  fanisb 
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rigging,  upon  which  in  no  small  measur-  successful  and  sparklcss  running 
di  i-en,  s.  A  f(  w  examples  will  he  interesting  as  showing  the  solutions 
arrivt  d  at  by  various  well-known  firms. 

The  brush  rigging  used  by  the  Brush  Electrical  Engineering  Company  on 
a  6oo-kUowatt  machme  running  at  2.100  r.  p.  „.  is  shown  in  Fig.  i68  lierc 
IS  one  median  clampmg  ring  on  the  commutator,  and  the  rigging  is  supported 
at  he  armature  end  from  U.e  frame  of  the  machine,  and  af  the  King 
ami  the  mtermcd.ate  positions  by  two  special  ring  brackets  bolted  to  the 
bed-plate  and  spanning  over  the  commutator.  The  rings  are  staved  bv 
,   ?^  T  ^"'"8  maintained  at  thei?  pmper  dfatance 

apart  by  the  brush  sj.mdles.  The  full  load  output  at  5oo%c!l<s  is  1200 
amperes,  and  as  the  machine  is  four-pole,  each  Une  of  bnislies  has  to  dea 
wuh  600  ami^eres.  r.rbon  brushes  are  used  having  low  friction  loss  and 
low  contact  resistance. 

The  most  recent  form  of  brush  rigging  use^"      Messrs.  Brown.  Boveri 
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ami  Co..  tor  larfje  machines,  is  diown  in  Fir.  i6q.  wjiii  li  <l»  pirt«i  the  bn  'i 
ri:,'«inK  ust-d  in  a  i.ooo-kilowatt  ti!il><>-flvM.tini>  r.ipaMf  ..f  K'nin  >  I'lH  it 
r\  1.400  amiKTi's  at  750  volts  wh.  11  iiinniiitj.it  1,50,.  «.  p.  m.  The  ni.i.  l  x  \i 
I  Mi-iM.lo,  and  tlif  tw>  iu(  f.^iry  oilliriiu^'  uw^^  aiv  Jiid.l.  11  l.y  tlie  cnil  shidd, 
!  ut  the  two  substantial  terminals,  by  whidi  tl--;  alnive  luavy  current  is 
I  d  out,  can  be  seen  projecting  from  the  shield.   The  bnish  holders  on 

•  I.  li  si>indlo  are  in  tliree  Krctips  of  four  c.u  h  fnr  a  rommiit.itiir  -iinil.ii  !o 

•  It  shown  in  Plate  IV.,  whidi,  howi  ver.  is  for  a  luaviir  turnnt  at  a  lowi  r 
It  ige.    In  I  i-.  169  each  brush  will  he  carrying  nearly  60  amnercs  at 

lull  load.  The  attachment 
of  the  brusli  rigging  to  the 
:  irliine  can  be  well  seen 
111  Fig.  170,  which  shows 
a  six-pole  Brown,  Boveri  set 
.iving  2,170  am]iort  at 
J '.o  volts  or  500  kilouatfs 
a  I  1,750  R.  V.  M.  Here  again 
I  n  il  brush  collects  about 

•  '  :im|)cres,  and  there  are 
j.'o  amjx'tes  jxt  sjiindic, 
l  ilt  it  will  be  noticed  that 
there  is  only  one  clamping 
ling  on  the  commutator. 
Tlu're  is  ii')  arrangement 
!  r  rocking  the  brushes,  as 
the  machine  is  designed  to 
nm  at  all  loads,  up  to  20 
I  1  cent,  overload  with  the 
1  rushes  in  a  fixed  position. 

Attention     may     also     be  ^ig.  i«9,-Brush  H  .  „      1  r  llr..«n,  Itomi  anJ  Co.-« 

ed  to  the  separate  ex- 
iting dynamo  carried  on  a  bracket  by  the  end  jwdestal.    The  necessity 
Inr  stit  h  an  addition  is  alluded  to  elsewhere  {see  page  116). 

The  brush  rigging  used  by  tlie  \V«  stinglunisc  Company  for  tlu  ir  radial 
commutator  dynamos  is  shown  in  Fig.  171,  which  ilciticts  gear  frame,  brushes, 
and  rocking  goar  for  a  750-kilowatt  four-jiole  machine.  It  will  be  rememlwcd 
(  page  142)  that  in  this  type  of  commutator  the  brushes  press  sideways 
<  Ti  projecting  portions  of  the  commutator  bars,  thus  avoiding  the  disturbance 
<!ne  to  the  chattering  uf  the  shaft,  and  being  (mly  affected  by  its  inoveineiit 
in  the  direction  of  its"  length  ;  as  tJiis  movement  is  comparatively  slow 
and  of  long  period  it  can  be  readily  followed  by  the  brushes.  A  similar 
!  Mi-h  rigging  atlaclied  to  a  somewhat  smaller  (500  K.  vv.)  machine  running  at 
i.5'Ju  u.  p.  M.  is  shown  in  Fig.  172  in  which  tlic  radi;d  bais  of  tlie  commutator 
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■  ill  he  clt'aily  soin.  Tlif  springs 
V.  hit  h  f^ive  Iho  m-ft-ssary  clastirity 

■  •  ilic  pi\~^un'  I'f  till'  l)ni>hcs  arc 
■.111  liclwciii  tlio  two  l)ni>lits  c'l 

I  n  h  [lair,  and  can  be  set  up  and 
•i.ljusted  by  till'  pins  wliith  can 
!  c  sicn  prnjci  tint,'  in  Fit;.  T72. 
riic  way  in  wliic  li  such  an  arranL,'c- 
iiunt  adapts  itself  tlio  endwise 
play  of  the  shaft  is  (>hvinus.  The 

tails  of  the  nickiiiLj  f.,'car  can 
j  nib  ably  be  inadi'  out  better  in 
1 14.  17.2  than  in  Fig.  171.  The 
i  ii-hcs  in  l  it;,  ijz  collect  1,250 

Mieio  .it  400  volts.    Each  pair 

■  1  bni>lics  tliercfore  aver,if,'es  IJ5 
.iinpeies  or  t).i-5  amperes  per 
bnish.  It  will  l)e  noticed  tliat 
llic  brush  rif,'j,'inf,'  is  supix)rtcd 
independently  of  the  machine,  and 
therefore  falls  into  the  third 
(!i\  ir-inn  of  our  d.issilication.    The  complete  machine 
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ill.?  of  7in.Ki!ii*att  Wt>iiii^ 
rutbu-Itytiaitlu. 

is  ^lidw  n  in  FIl;.  17  ^ 
where    it    will  be 

noticed  that  tin- 
dynamo,  the  brush 
K  e  a  r  a  n  d  the 

pedestals  CM  I  villi,' 
the  bearings  aie 
each  separately 
holt  ed  to  til  e 
ti  iund.it i>  111-;,  a  n >n - 
tiiiiioiis  bed-pialo 
not  being  u>ed. 

Mechanical 
Balancing'.  -  Tiie 

tact  that,  to  .dl 
intents  and  pur- 

pii^e>,  liie  lut.iliu:; 

|).irl  of  a  d}  iianio 
or  motor  is  dyna- 
mically siiMil.ir  t  ) 
a  spinning  -  top, 
must  not  be  iubt 
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sight  of,  nor  the  laws  of  simple  rotational  mechanicr  ignored.  A  ftw 
experiments  with  spinning-tops  under  different  conditions  would  not 
be  uninstructive,  but  space  forbids  us  to  describe  them  in  detail. 
It  is,  however,  a  matter  of  common  knowledge  that  if  a  top  be  out 
of  I)alance  it  docs  not  spin  quietly,  but  wobbles  ;  or,  to  put  it  other- 
wise, if  the  usual  axis  were  prolonged  and  placed  in  bearings  and  the 
unbalanced  top  spun,  the  bearings  would  be  strained,  and  if  the  caps  were 
renioveil  the  rotating  top  would  jump  out  of  them.  The  same  kind  of 
thing  will  happen  with  an  unbalanced  rotating  armature  or  held  magnet. 


173.— Showing  Mounting  of  Walinghouse  Brush  G«ar  and  Dynuao. 


and  if  the  error  in  balance  be  very  great,  serious  disaster  may  occur, 
especially  at  high  speeds. 

The  prinri[)al  dynamical  law  with  which  we  have  to  deal  is  easily  undcr- 
>(o<k1.  If  a  single  small  ina.ss  m  be  rotating  in  a  circle  of  radius  r  round 
a  centre  c  with  uniform  angular  velocity,  w,  the  motion  will  give  rise  to  a 
centrifugal  force  on  the  mass  directed  outwards  from  the  centre,  which 
must  he  counteracted  (say,  by  the  pull  of  the  string  to  one  end  of  which 
the  mass  w  may  be  attached)  if  the  body  is  to  be  kept  in  the  circular  path. 
Now  we  know  from  mechanics  that  thn 

Centrifugal  force  =  >»  y  u'. 
If.  therefore,  we  have  several  small  masses  rigidly  connected  together  and 
revolving  with  uniform  angular  velocity  round  a  common  axis,  each  of  them 
wiU  give  rise  to  a  force  along  a  line  drawn  from  its  centre  of  motion  through 
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it^  own  small  mass,  and  of  a  mairnitude  which  can  1k<  calcnlatrd  by  <hc 
al')ve  formula.  If  these  forces  arc  not  in  pquilii>niiin  fiu  if  will  Ik  a  f<  n- 
il.  !icy,  measured  by  the  magnitudi'  of  the  nsuitaiit  Um  v  or  coiiiilc.  to 
(1  piace  the  axis,  and  any  fixed  bearings  which  resist  this  tendency  will  l« 
strained. 

If  these  forces  were  all  in  one  plane  the  conditions  for  equilibrium  would 
In  simple,  for  tlicy  would  then  all  pa^>  throui,'!!  tlii"  same  point-  iiaiinlv, 
wiicre  the  axis  cuts  the  plane.  In  that  case  these  conditions  would  lie 
mathematically  the  same  as  the  conditions  which  would  have  to  l)e  fulfilled 
if  the  wt  i,i,'hts  of  the  massi-s  m  were  to  hv  balaiucd  roiiml  the  axis.  Kvcn 
if  the  centrifugal  forces  are  not  all  in  one  plane  these  conditions  are  still 
amongst  those  which  must  be  fulfilled,  though  they  are  no  longer  the  only 
ones. 

Hence  one  method 

iif  testint;  the  balance 
(  t  a  finished  armature 
i-  to  place  it  with  two 
]«'iiits  as  near  as  pos- 
-ilile  to  the  opposite  ends 
(  !  the  axle,  resting  on 
(arofully  levelled  knife 
cdi^es,  as  shoMm  in  Fig. 
174.  The  armature 
should  then  be  slowly 
rotated,  and  the  tend- 
(ticy  to  roll  along  the 
knife  edges  observed  in 
a  sufficient  number  of 
(i  isitions.  If  in  every  position  there  is  no  tendency  to  roll,  the  alnive- 
iiamed  conditions  have  been  fulfilled,  and  so  far  the  armature  i.s  satis- 
tai  torily  balanced.  If  there  is  a  tendency  to  roll  in  any  position,  it 
siiould  be  corrected  very  carefully. 

This  static  test,  as  it  is  called,  oidy  shows  that  the  gravitating  masses 
of  the  armature  are  in  equilibi iuin  a  whole,  whereas  the  rotatinnal  nm- 
ilitions  of  balance  require  that  the  gra\itating  masses  in  e\ery  plane  at 
r -lit  angles  to  the  axis  shall  be  in  equilibrium,  so  that  in  no  one  of  these 
|ii.uies  shall  there  be  any  resultant  eeiitrifngal  force.  Smh  foucs,  if  exist- 
in,',  might  not  balance  one  another,  although  the  static  lest  had  b(ru  pi  r- 
t'  ily  satisfied.  If  not  in  balance  they  would  at  each  instant  give  rise  to 
d  u.-iultant  couple  tending  to  twist  the  axis  of  rotation  into  a  new  jxisition  ; 
111  other  words,  there  would  be  a  giealer  or  lesser  tindi-ncy  to  wobble. 
I  liturtunately,  without  s]iinniiiL;  it  there  is  no  easilv  applied  praeti(al  test 
which  can  be  made  on  an  armature  whicJi  will  satisfactorily  detennine 


Fig.  174 -TestinE  the  "Balance"  of  a  Rotor. 
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tliat  in  this  respect  it  is  in  balance.  All  that  can  Ix;  cl(ine  is  to  endeavour 
to  build  tlir  ariiiafiiic  as  syninicti ically  as  po^ible,  and  to  aj',)])-  care- 
lullv  till'  static  ti  st  aliDVc  (l(s<  rilx'd. 

Dynamos  on  UmirJ  S/iip.  -Tlic  fact  that  a  dyiiamd  ainiaturi'  is  a  swift I\- 
rotating  spinning-top  should  not  be  lost  sight  of  in  fixing  the  position  ci 
a  dviiamo  on  board  a  ship.  The  djmamical  propci  tx  to  bear  in  mind  is 
tliat  wlu'n  tlio  axis  nf  rutation  is  moved  parallel  to  itself  no  additional 
forces  act  on  the  bearings  Ixvause  of  the  motion,  whereas  if  the  tlin(- 

tion  of  the  axis 
o'  rotation  lu 
±  o  r  c  i  1)  1  y 
rlianged,  the 
bearings  will  Ix' 
strained  because 
of  the  resistanc  e 
which  the  rotat- 
ing armature 
offers  to  auv 
change  of  this 
kind. 

If,  therefore, 
a  high  -  speed 
dvTiaino  be  fixecl 
with  its  axis  fi  le 
and  aft,  no  bad 
effect  will  he 
produced  by  the 
rolling  of  tlir 
ship,  but,  when 
the  ship  pitclu  s, 

Fi«-  175.— Stlf-Oiling  Benrinj  and  by  the  Central  Electric  ComftLttf  at  New  York,  violi'nt  forci> 

will    be  called 

into  jila\'  which  will  tend  to  wrench  the  armature  out  of  its  bearings. 
On  the  other  hand,  with  thv  axis  of  the  dynamo  fixed  atliwart>hips,  tlu 
pitching  will  be  harmless,  but  the  rolling  will  be  dangenius.  In  shi|i> 
which  roll  In  avilv  the  dynamo  should  therefore  be  fixtd  with  its  axis 
fore  and  aft,  whilst  in  those  which  pitch  the  dynamo  should  have  its  axis 
athwartship.  Since  all  ships  both  roll  and  pitch  more  or  less  accordinu 
to  the  state  of  the  sea  and  other  factors,  it  would  be  dj'namically 
ad\isable  to  place  the  d\namo  and  its  driving  engine  in  a  cradle 
mounted  on  giir.'.ais.  The  action  of  the  gimbals  would  be  assisted  by  the 
dx  iianiiial  n  action  of  tlie  armature,  but  the  device  is  not  at  present 
withm  llie  laiiKe  of  pradiia)  engineering  pohtics. 
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Lubrication. — Where  machines  have  to  nm  weeks  or  even  months 

bl  vi  afs  witlidiit  st(i[i|ii?iL,',  tlir  iMcihlciii  of  il(  -ii,'iiiiiL,'  an  i  ltu  ii  lit  >\-~l(m 
,  I  hibrication  for  all  rubbinj^  surfaces  is  one  wliith  nu  i  ils  mtv  seni  n> 
. msideration.  Apart  from  the  worr\'.  annoyance,  and  loss  cansed  by  a 
itccl  hcarini,'.  whicli  nuiv  llirnw  a  whole  statimi  .  iit  nf  lti  ai  il  it  ix  cuis 
•  !  a  critical  time  ami  in  a  cntiial  position,  the  nu  if  cost  ot  liibiicanis  is 
no  means  a  nesliKible  item  in  a  lart^c  troiuratiiii,'  station,  ami  this  cost 
may  be  appreciably  reduced  by  care  and  foresight.  This  is  not  the  place 
to  discuss  the  theory  of  lubrication  or  to  classify  the  almost  innimieiable 
pu  lliods  which  have  been  devised  from  time  to  time.  .\  few  words,  liow- 
r\  er,  may  be  devoted  to  methods  which  have  been  succes- lully  used  in 
iarfje  generating  stations  and  sub-stations. 

The  reader  is  jirobabh-  (atniliar  with  ordinary  lubricators  using  various 
hilii  icants,  and  witli  the  more  modern 
siLTlit-feed  and  other  Icinds  of  lubri- 
( liters.  Mtst  of  these  are  unsuitable 
for  machinery  which  may  have  to 
mil  for  lom;  jx  riods  without  atten- 
tion, and  some  form  ot  self-oilini,' 
Ix-aring,  which  may  be  trusted  to  run 
for  one  or  more  months  without  the 
lulnicant  being  renewed,  is  almost 
indispensable.  A  bearin!;  of  tliis 
kind,  which  has  been  widely  used  in 
(litferent  forms  for  electrical  machinery-, 
N  shown  in  Fig.  175.  The  pattern  fi^.  •?«■ -bhua  Ttemson-HoHMoo  s<-if-(Hii<.R 
here  illustrated  is  used  by  ihe  General 

i;iectric  Company  of  New  York  on  the  large  Edison  dynamos.  In  the  fif,'nr« 

the  pedestal  is  re])resente(l  as  if  it  were  partlv  transparent,  so  as  to  exliibit 
tlie  method  by  whicli  the  oil  is  kept  in  circulation.  The  stii(k  of  oil  is 
kept  in  a  hollow  space  in  the  {xnlestal  below  the  shatt,  whence  if  i  an  be 
(Ir.iwn  off  by  the  tap,  its  level  Ining  indicated  in  the  gautje  kUvss.  (!ne  t)f 
liie  vertical  halves  of  the  bushiiii'  is  shown  dismounted  at  the  side.  When 
in  place  the  bush  has  two  slots  on  its  upper  surface,  one  near  »  ai  li  did  ; 
in  each  of  these  is  placed  a  large  rmg,  waich  hangs  upon  the  revolving 
sliaft  and  rotates  slowly  when  the  shaft  is  nmninp.  The  lower  parts  of 
the  rini^s  dij)  into  the  oil  of  the  reser\-oir.  ar.  1  a>  the  iiiu.-  knoKc  oil 
sticking  to  them  is  carried  up  and  delivered  nion'  or  less  on  to  the 
shaft  at  the  slots.  It  is  then  worked  along  the  spiral  gr(K)ves  in 
the  bush  towards  the  central  outlet,  bv  which  it  is  returmd  to  the 
nservoir.  The  same  oil  is  therefore  used  over  and  o\'er  auain,  and 
need  only  be  removed  when  it  becomes  too  dirtv  for  fuitlier  use, 
and  even  then  it  may  be  filtered  or  otherwise  puriln  d  and  UM.d  once 
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more.  With  good  oil  renewal  a  not  wanted  oftener  than  once  in  three 
or  four  months. 

Another  and  very  similar  form  of  scU-oilinK  Ixaiiiit,'  usid  by  tlic  Hritisi, 
TlKimsdti-Houston  Klectric  Company  in  their  inodcrate-sjHi'tl  motors  i, 
sliown  in  Fig.  176,  in  wliich  the  method  used  can  be  made  out  without 
further  description.  Both  in  this  and  in  the  preceding  bearing  tlie  spherical 
sciititiLr  (if  tlio  central  j)()i*i()n  of  tlu'  lii  in;,'  gives  a  certain  freedom  for 
self-adjiistinent  and  alignment,  which  is  ofien  very  useful. 

In  a  fair  immber  of  the  illustrations  given  elsewhere  details  of  self- 
lubricating  bearings  appear— for  instance,  in  Plate  III.  and  in  many  of 
the  smaller  figures. 

In  some  i>f  tlie  largest  staticms,  especially  tliosi'  utilising  water-power, 
a  system  of  forcetl  lubrication  is  often  adopted.  In  such  sj'stems  the  oil 
or  lubricant  is  sui)plied  to  the  bearings  under  pressures,  and  is  literally 
Idired  tliiough  them  l)\  a  pump.  Here,  again,  the  same  lubricant  may  be 
used  over  and  over  again. 

VIII. — RKCl'I.ATIdN 

In  the  early  da\s  of  the  tlevel()i)nient  of  the  supply  of  electric  power 
from  central  generating  stations,  tlie  problem  of  regulating  either  the 
voltage  or  the  current  supplied  attracted  a  great  deal  of  attention,  and 
gave  rise  to  many  ingenious  inventions.  At  the  present  time  this  problem 
is  not  less  but  rather  more  important  than  it  wa.s  then,  and  it  is  tliereforc 
proposed  to  devote  a  little  space  to  examining  the  solutions  which  arc 
recognised  as  good  and  successful  in  modem  practfce. 

The  two  chief  cases  which  arise  are  (i)  the  supply  of  electric  jK)wer 
at  a  comfciui  wH-.ii;^',  the  amount  of  power  dealt  with  rising  and  falling 
with  the  current,  and  (2)  the  supply  of  power  by  means  of  a  cans/imt  current, 
the  variation  of  the  amount  of  power  supplied  being  obtained  by  raising 
and  lowering  the  voltage.  In  the  first  case,  the  voltage  may  ha%'e  to  be 
kept  constant  either  at  the  dynamo  or  stati(m  terminals,  or  the  conditions 
may  be  such  that  it  is  desirable,  if  not  essential,  that  the  voltage  should 
be  kept  constant  at  some  distant  point. 

It  is  ob'  inns  that  the  most  convenient  solutions  will  be  such  as  act 
quite  aut  -  allv  and  without  the  intervention  of  any  attendant,  or 
that  in  both  .  ases  cited  the  generators  themselves  should  be  so  con- 
structed that  tliey  will  furnish  either  the  pre-arranged  voltage  or  the  pre- 
arranged current,  whate\er  the  outjuit  required  may  be  in  kilowatts. 
Nevertheless,  espeiia!!'.-  in  the  first  lase,  <.lie  sole  or  partial  use  of  hand 
control  is  so  simple  that  it  is  often  widely  used.  We  propose  to  deal  with 
the  two  chief  cases  separately  in  the  order  given. 

Reg-ulation  for  Constant  Voltaffe  or  P.  D.  -Th.  two  chief  methods 
of  mamtannng  llie  p.  d.  constant  at  the  terminals  of  the  d}namo,  or  even 
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,it  some  distant  point,  whatever  may  be  the  fluctuations  in  the  output 

1  I  tlio  niacliino,  are  : — 

(</)  Comixnind  winding  ; 

(h)  A  resistance,  variable  by  hand,  in  tho  simnt  rirrtiit. 
I  iiKss  otherwise  stated,  it  will  always  be  assumed  in  what  follows  that 
r.r  speed  at  which  the  machine  runs  is  kept  absnlulelv  constant  at  ali 

1  .ads. 

(ii).  Compound  Winding. — Considered  as  a  method  of  excitation  this  has 
already  {see  page  6)  been  explained  and  diagrams  piven  (Figs,  i  and  2), 
^!lowing  how  the  circuits  are  arranged  in  different  ca«es.  A  slnnit-wound 
(M-  a  separately  excited  machine  is  necessarily  taken  as  the  starting 
l">ii  ,  for  it  is  only  siuh  a  machine  that  will  give  full  pressure  on  it?  ter- 
minals at  no  load.  In  a  series  machine  the  pressure  on  the  terminals  at 
I,  >  load  is  practically  nil.  On  the  "external  characteristics"  given  in 
I'ii,'.  4()0,  Vol.  I.,  ()  .\  is  the  starting  jiressure  of  ImiI.i  the  shunt-wound 
and  the  separately  excited  machines,  whilst  the  initial  pressure  of  the 
series  djTiamo  is  represented  by  the  negligible  quantity  o  s. 

In  both  the  curves  which  start  from  A,  however,  the  pressure  is  not 
maintained  as  tho  external  current  or  load  increases,  but  falls  off,  at  first 
slowly  and  afterwards  more  rapidly.  It  has  been  explained  that  this 
is  due  to  : — 

((()  The  increase  in  the  "  lost  volts  "  due  to  the  larger  and  larger 
currents  that  are  being  forced  through  the  armature. 

(b)  Tlie  increasing  effect  of  the  armature  reactions  as  the  current 
through  it  increases. 
Ti  neutralise  both  these  causes  of  loss  of  pressure  at  the  terminals, 
iiureased  field-magnet  excitation  is  necessary,  so  that  (i.)  the  total  tlux 
shall  be  increased  as  the  load  increases,  and  an  additional  e.m.f.  generated 
e(|\ial  in  amount  to  the  "  lost  volts,"  and  (ii.)  additional  ampere-tums  shall 
Ih'  supplied  to  the  magnetic  circuit  to  balance  the  deina,i,'netising  anijHTe- 
lurns  of  the  armature,  which  increase  proportionally  with  the  inereitse 
ill  the  armature  current  as  the  load  increases.  The  desired  result  can  be 
attained  more  or  less  jxrfectly  by  winding  round  some  convenient  part 
(if  the  magnetic  circuit — usually  in  the  neighbourlKjod  of  the  shunt  exciting 
mils — a  sufficient  number  of  turns,  connected  as  shown  in  Fig.  i  or  2, 
through  which  practically  the  whole  armature  current  passes.  The  ampere- 
turns  thus  added  to  the  excitation  of  the  maehine  will  rise  and  fall  with 
the  load,  and  it  is  therefore  important  to  be  able  to  calculate  exactly  how 
i:i<iny  extra  turns  will  be  required  in  order  to  produce  tlie  desired  effect 
on  the  pressure  at  the  terminals. 

Calculations. — The  volts  lost  at  various  loads  because  of  the  internal 
roistances  of  and  ciurents  in  the  machine  are  readily  calculated  vihea 
the  data  are  given. 
M 
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Thus,  for  a  certain  xS'S-kilowatt  bipolar  d}mamo  which  gives  70  amperes 
at  220  volts,  the  resistances  are  : — 

Armature  resistance  =  O'ljz  ohm. 
Series  coils  do.  ss  0*043  ohm. 
Shunt  coils    do.     =  iir>  ohms. 

and  for  the  "  long  shunt  " 

connection  (Fig.  2)  the 

Lost  volts  =  71-4  X  0-175  =  12-5  volts. 
For  the  Salford  lo-polc  <l3nam(>  [sec  Fif,'.  if),  page  16),  the  data  were:— 

Armature  resistance  =  0  004^5  ohm. 

Series  coils     do.     =  0-0028  ohm. 

Shunt  coils     do.      =  30  ohms. 
Tlic  full  Iciafl  wa'^  1,600  amperes  at  500  volts,  and  therefore  tlie  shui:i 
current  was  17  amiwres  and  the  total  armature  current  1,617  amperes. 
Again,  assuming  long  shunt  connections,  the 

Lost  volts  =  1,617  X  0  00705  =  11-4  volts. 
The  necessary  modifications  for  "  short  shtmt "  connections  (Fig.  1)  are 
obvious. 

To  both  the  above  calculations  it  may  be  objected  that  the  value  of 

the  resistances  of  the  series  coils  has  been  taken  into  account,  and  that 
before  settling  the  number  of  turns  you  cannot  know  this  resistance.  It 
is,  however,  quite  allowable  to  assume  a  probable  value,  which  should 
alwax";  be  much  less  than  the  known  armature  resistance,  for  the  required 
nunilwr  of  turns  can  be  obtained  with  any  reasonable  resistance  by  properly 
choosing  the  cross-section  of  the  conductor. 

The  lost  volts  having  been  ascertained  for  various  loads,  the  increased 
flux  required  to  produce  the  necessary  extra  e.  m.  f.  can  be  calculated  from 
the  fundamental  formula  (s««  page  513,  Vol.  i)  :— 


and  th  next  problem  is  to  calculate  the  additional  excitation  wliich  will 
provide  this  flux.  Mere  proportional  increase  of  the  ampere-turns  will  nut 
be  sufficient,  for  the  permeability  of  the  iron  part  of  the  circuit  diininislK  s 
as  the  flux  increases.  Recourse  must  therefore  be  had  to  the  metluMj 
already  described  (sec  page  45)  for  calculating  the  initial  ampere-turns, 
and  it  is  convenient  to  embody  the  results  in  a  curve  connecting  load  and 
excitation. 

There  still  remains  to  be  calculated  the  additional  excitation  required 

on  account  of  the  armature  reactions.  When  the  method  of  winding  tlio 
armature  is  known,  it  is  comparatively  an  easy  matter  to  determine  the 
number  of  turns  through  which  the  demagnetising  portion  of  the  armature 
current  Sows,  and  at  first  sight  it  might  be  supposed  that  the  simple 


CAtxtrLATtoirs  nm  Rkcuiatioh 


179 


Idition  of  an  equal  numl^T  of  magnetising  turns  on  the  field-mafinet 
10  would  suffice  to  restore  the  cancelled  excitation.    This,  however,  » 
)  >t  the  case,  for  it  must  not  be  forgotten  that,  becaase  of  magnetic 
akage,  all  the  lines  passing  through  the  core  of  the  magnetising  coils 
:>  not  pass  through  the  armature.    Moreover,  lierause  of  the  inrrea'"d 
u  itation  required  to  compensate  for  the  "  lost  volts,"  the  "  leakage 
ictor  "  {see  page  47)  is  not  the  same  at  dif!erent  loads,  and  the  effect 
f  the  cross-masnetisint,'  field  should  not  b«>  over]()f)kod  (w  note,  pai^e  47), 
irul  finally  the  diminlslied  permeability  of  the  magnet  cores  due  to  the 
Kicreased  flux  should  be  taken  into  acount.    By  keeping  these  jxji.  ts  in 
MOW  it  will  not  be  difficult  to  add  to  the  curve  previously  drawn  the 
idditional  excitation  required  at  various  loads  to  compensate  for  the 
l.  inagnetising  effect  of  the  armature  currents. 

Should  the  final  cun\'  be  a  straight  line,  it  will  be  easy  by  division  to 
find  the  number  of  turns  which,  when  wound  on  the  magnet  cores  and  fed  with 
the  load  current,  will  give  tlie  required  additional  excitation.  As  a  rule, 
the  curve  will  not  be  straight,  and  a  mean  value  must  be  adopted  for  the 
iiiiniber  of  turns  required.  It  is  frequently  the  custom  to  choose  such  a 
\a'ue  that  the  volts  required  are  obtained  at  no  and  fuU  loads,  whilst  at 
intermediate  loads  a  small  rise  of  voltage  is  allowed. 

The  difficulty  of  getting  exact  regulation  at  all  loads  by  compound 
winding  is  due  to  the  increasing  flatness  of  the  magnetisation  curve  as  the 
ilnx  density  increases.  The  consequence  is  that  the  ampere-turns  near 
lull  load  are  not  so  effective  as  the  ampere-turns  at  light  loads.  To  meet 
this  difficulty  an  ingenious  device,  which  they  call  a  compounding  rectifier,  has 
ken  used  by  the  Crocker-Wheeler  Electric  Company.  It  consists  in  placing 
in  parallel  with  the  series  coils  a  resistance  so  constructed  that  it  becomi* 
ninsiderably  heated  at  full  or  near  full  load.  In  consequence  of  this  heating 
tlie  resistance  of  this  parallel  circuit  rises,  anf'  a  greater  proportion  of  the 
(iirrent  goes  through  the  series  coil,  thus  mcreasing  the  ampere-turns 
more  rapidly  than  the  current,  and  giving  a  flatter  characteristic  to  the 
r<  impounded  machine. 

As  an  example  of  the  calculation  of  the  ampere-turns  necessary  for 
<  otnpounding,  reference  may  be  made  to  the  machine  for  which  the  details 
f  the  calculation  of  the  "no-load  excitation"  for  a  particular  point  are 
,ivon  at  page  48.  The  }ioint  to  which  those  details  relate  is,  as  explained, 
the  point  corresponding  to  an  e.m.f.  of  115  volts,  and  the  ampere-turns 
nbtained  are  16,607.  For  the  normal  voltage  of  105  volts  the  magnetisation 
curve  shows  an  excitation  of  10,950  ampere-turns,  and  it  is  for  this  normal 
voltage  that  compounding  is  required.  Calculations  similar  to  those  given 
on  page  178  show  that  the  "  lost  volts  "  at  full  load  are  6  6  volts,  and 
tiierefore  for  full  load  an  E.  M.  F.  of  iii'6  (105  4-  6-6)  volts  will  be  required, 
iiid  the  magnetisation  curve  ^ows  that  for  this  voltage  13,430  ampere- 
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turns  are  required,  which  means  an  addition  of  2,380  ampere-turns.  But 
at  full  load  a  kad  of  22  5°  has  to  be  given  to  the  brushes,  whicli  jjaxhiK 
a  demagnetising  l)elt  45°  wide,  containing  15  armature-turns,  which  at 
full  load  (TOO  ami)er(-s)  means  that  the  demagnetising  am]K're>tums  of 
tlir  armature  ari'  1.500.  As  the  loakafje  factor  is  i-^8,  the  compensating 
ampere-turns  wound  U{)on  the  magnet  cores  must  be 

1,500  X  1-28  =  1,930. 
Thus  we  oM.iin  finally  : — 

Comj)ensating  amjicre-tums  for  "  lost  volts  "  =  2,380 

Compensating  ampere-turns  for  "  armature  reaction  "  =  1,920 

Total  "  series  "  ampere-turns  required  4,400 

an  increase  of  40  per  cent,  on  the  no-load  ampere- turns  (10,950)  sujjplitd 
by  the  "  shunt "  circuit.  The  actual  compensating  ampere-tum.«  found 
to  be  necessary  by  experiment  were  4,600. 

As  another  example  the  following  calculations  were  given  by  Mr.  Parshall, 
in  the  Street  Railway  Jourval  of  New  York.  Thoy  refer  to  a  lo-pole 
d}mamo  designed  to  give,  at  90  k.  p.  m.,  an  output  of  550  kilowatts,  or 
1,000  amperes  at  550  volts.  From  the  data  there  given,  the  following 
ta1>le  has  been  compiled  fot"  the  part  of  the  whole  magnetic  circuit  served 
by  one  pole  : — • 
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Ttatt  of  Magnetic  Circuit. 
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21 
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In  addition  to  the  9,450  ampere-turns  required  to  f,'ive  the  necessary  flux 
through  the  increased  reluctance  at  full  load,  2,900  ampere-turns  were 
required  to  counteract  the  demagnetising  effect  of  the  armature  current. 

For  the  purposes  of  the  designer,  it  is  necessary  to  calculate  the  ampere- 
turns  of  excitation  required  at  different  loads,  but  from  the  point  of  view 
of  the  user  the  more  interesting  information  is  the  actual  power  s[!cnt  on 
excitation  under  various  conditions.  The  following  figures  for  the  Mather 
and  Piatt  lo-pole  dynamo  previously  referred  to  are  therefore  instructive, 
as  showing  the  performance  in  this  respect  of  a  well-designed  machine. 
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Power  required  (or  excitation  at  no  lead      =    ;>1  kilnwatls. 
Power  required  for  excitation  at  half  Ii  ad    =    4  kilowatts. 
Power  required  (or  excitatii>n  at  full  loud    =    5^  kilowatts. 
The  increase  in  the  power  required  for  excitation  is  therefore  23  per  cent, 
it  half  load  and  ()i  pt-r  crnt.  at  full  load.    The  still  more  iiiti ustinj:  j'oint 
u  that  at  the  full  h)ad  of  800  kilowatts  tin-  power  usid  for  txiitation  is 
I. Illy  0  66  per  cent,  of  the  output. 

i\s  another  example,  we  may  take  the  is  s-kiiowatt  dynamo  referred 
to  at  pa|;c  178.  This  machine  has  8,()oo  turas  in  its  shunt  circuit  and 
8.S  turns  in  its  series  circuit,  whciu  o  \vt>  find 

Ampere-turns  of  shunt  circuit  ..  ..  =  ii.ooo 
Ampere-turns  of  series  circuit  at  full  load  =  6,300 

the  increase  lx;tween  no  load  and  full  load  being  57  per  cent.  In  r^ard 
to  the  jiower  used  for  excitation  the  figures  already  given  show : — 

Power  required  for  excitation  at  no  load    =    308  watts. 

Power  required  for  excitation  at  half  load   s   3<>5  watts. 

Power  required  for  excitation  at  full  load  «  527  watts. 
There  is,  therefore,  an  increase  of  ovi  r  70  per  cent,  in  the  power 
used  for  excitation  between  no  load  and  full  liiad,  whilst  at  full  load  the 
ix)wer  spent  in  excitation  is  3-4  per  cent,  of  the  useful  output ;  but  it  sh  >uld 
W  noted  that  the  machine  is  quite  a  small  one.  From  the  jioint  of  view  of 
size,  the  comparison  of  the  figures  for  the  two  machines  dealt  with  is 
instructive. 

In  regard  to  the  placing  of  the  series  coils  relatively  to  the  shunt  coib, 
different  designers  in  turn  make  use  of  almost  every  available  position, 
and  some  of  these  have  already  'leen  illustrated.  Thus,  in  Fij^s.  15,  21 
and  22  the  compounding  or  scries  coils  are  shown  as  placed  behind  the 
shunt  coils,  whilst  in  Fig.  25  they  are  wound  over  or  outside  the  shunt 
roils.  In  Plate  II.  and  Fig.  II,  on  the  other  hand,  the  former  jxjsition  is 
reversed,  and  the  "  main "  or  series  coils  are  placed  nearer  to  the 
jiole  faces  than  the  shunt  coils.  From  this  diversity  of  practice  it 
may  be  inferred  that  there  are  no  very  strong  reasons  for  choosing 
one  position  rather  than  another,  and  such  is,  indeed,  the  case.  The 
placing  of  the  coils  alongside  one  another  facililai  s  repairs  in  the  event 
of  a  breakdown  of  insulation,  but  would  aj'pear  to  necessitate  the  lengthen- 
ing of  the  core.  TTiis  fa  not,  however,  so,  since  with  a  given  depth 
(if  winding  the  longtli  of  coil  is,  as  we  have  seen,  fixed  by  the  ampere- 
turns  required  and  the  temperature  rise.  When  the  coils  are  wound  over 
one  another,  it  would  appear  desirable  to  place  the  series  coils  outside, 
for  the  inner  turns  of  an  ordinary  magnetising  coil  are,  for  a  given  amount 


EtKTMKiTV  iM  tum  SgMy/cM  or  itAm 


Fif.  i».-4e(alttiMi  bjr  RmMme  In  Shunt  CInalt 


of  excitation,  cheaper  than  the  outer  tarm.   As,  therefore,  tlie  maximuni 

t'xcifatioii  is  only  rcquiml  from  the  sirus  ruil  at  full  load,  aiul  as  at  Inwti 
loads  the  turns  arj  not  carrying  full  current,  it  wuulil  a|>|Har  more  rtoiiun- 
abie  to  giv«  them  the  kw  Mlvantageoia  position,  and  to  |:4ace  them,  as 

in  Fif^'.  25,  outside  the 
^FhUl  cdt       sliunt  roils. 

(/>).  Resistance  iv. 
ShutU  Circuit.  —  An 
economical  and  very 
fiftrn  not  incnnvcnicnt 
method  of  controlling' 
the  p.  D.  of  a  shunt- 
woiind  dynamo,  which 

has  been  and  is  still  widely  ust-d.  is  to  in t induce  a  vaiiablu  resest- 
ance  info  the  exciting  circuit.  The  .l  idtd  ii>istance  certainly  wastes 
some  energy,  but  the  waste  need  only  amount  to  a  small  percentage 
of  the  total  output.  For  the  lower  limit  of  the  voltage  or  for  no  load 
the  whole  of  the  resistance  is  in  circuit, 
the  arrangement  being  as  shown  diagram- 
matically  in  Fig.  177,  but  with  the 
movable  arm  a  on  stud  i.  As  the  load 
increases,  the  tendency  of  the  p.  n.  at 
the  terminals  tc  fall  can  be  counteracted 
by  moving  the  arm  a  successively  on  to 
the  studs,  2,  3,  4,  5,  etc.,  thus  reducing 
the  resistance  in  the  exciting  circuit  and 
increasing  the  exciting  current  (if  only 
the  p.  D.  does  not  fall)  and  the  excitation 
as  expressed  in  ampere-turns.  The  resist- 
ance must  be  so  constructed  that  it  will 
carry  the  full  exciting  current  without 
over-heating.  A  form  ver^  widely  used 
for  general  experimental  work  is  shown 
in  FiK.  lyS*  hut  for  placing  behind 
switchboards  and  in  special  positions  other 
patterns  are  used,  some  of  which  will  be 
referred  to  later. 

One  of  the  defects  of  this  method  of 
control  is  that,  unless  the  contacts  are 
numerous,  so  that  the  mean  resistance  between  the  contacts  is  relatively 
small,  the  change  made  by  passing  from  one  contact  to  another  has  some- 
times too  great  an  effect  upon  the  voltage.   On  the  other  hand,  ka  numerous 

*  Lent  by  Messrs.  Nalder  Bros.  &  TliumpioD. 


Fig.  179.— Resistance  Frame  foe 
Shunt  ReKulaiiuii. 


MneosTAts  pom  S/w»r  Onctf/ra 


>.mt.icts  the  arrangeineiit  becomes  somewhat  costly .  and  the  neccMity 

i  1  ptoix'ily  insulating  thf    [Miatc  loils  nuiy  inaki-  it  niiwp  l<i\-  and  riiinlHr- 
'ini',  thdU^li  thii  dhjutmn  is  iii^;iiuiiu;<iy  uvfiti  iiu-  in  ^c^^•l.ll  inodtin 
iie>i«ns  of  tield-control  rlicostats. 

In  the  lii'sii^'n  of  such  rheostats  it  must  not  be  overliKikcd  that  altiioiigh 
tiic  main  i<h]vct  of  the  rheostat  is  to  reduce  the  voltaRc  at  the  t«'rniinals  «>f 
•  ii;  liclj  coils  i>f  tl  e  m'ncrator  so  that  \\h<v.  ci>i\>  -li.ill  <  nly  '  ^' 

imn  necessary  at  th«  moment,  tlic  nictht'd  l)y  whiih  it  aicuniploius  tliis 
ihject  b  by  converting  into  heat  that  p)rtion  of  the  energy  of  the  ost  itinR 
I  iirront  which  is  (hie  to  the  cxcos  vclfa^'c.  In  (  tlici  wcid*,  altli>  ll^;h  tin- 
ilmI  (ibjcct  h  to  cut  ilnwn  the  voltane,  the  method  adopted  is  to  \v;iste  enerj^y. 
It  is  this  energy  deliberately  wasted  which  it  is  the  function  of  the  rheostat 


to  dissipate  harmlessly  in 
I  he  form  of  heat.   This  it 

must  do  without  danger  to 
^ui  mnding  plant  and  ap- 
[i  iratus,  and  without  being 
it-,iU  racked  and  destroyed 
l)y  necessarily  rejieated  heat- 
ing's and  coolings.  These 
conditions  apply  to  all  con- 
trol rheostats  for  power 
.  ii  ruifs.  We  are  concerned 
at  tlie  moment  only  with  the 
solutions  adopted  for  the 
fithl  control  of  f^tMierators. 
For  tliis  purpose,  as  the 


most  convenient  position  for        w-iwu*  ti«««*h«.|j.o.  rut.-  Tyr.  of 

the    rheostat    is    on  the 

switchboard,  where  either  in  front  or  at  the  back  spare  is  valuable, 
designers  have  aimed  at  fulfillinf;  the  conditions  in  the  smallest  p'ssiMe 
space,  and  with  this  object  the  necessary  conductors  are  very  often 
embodied  in  a  fire-proof  insulating  cement,  which  is  as  good  a  c»)nductor 
of  heat  IS  ran  be  found  fulfilling  the  usually  antagonistic  condition  of 
being  a  good  electrical  insulator. 

A  good  idea  of  the  general  trend  of  the  design  of  the  apparatus  avail- 
ihlo  cant  be  obtained  by  considering  the  field  rheostats  of  the  British 
l  liomson-Houston  Company.  Three  types  aie  available,  ditferentiated  by 
the  quantity  of  energy  to  be  di-^sipated.  For  small  .imounts  'here  is  the 
"  plate  "  type,  for  larger  the  "  tube  "  type,  and  for  tlie  largest  currents 
re  quired  in  modem  practice  the  "  grid  "  type.  An  px.implp  of  the  "plate" 
t\  [le  is  sho^vn  in  Fig.  179,  in  wliich  six  of  the  lai>;i -t  size  of  \  kites,  witli 
tlieir  contacts  complete,  are  mounted  in  a  frame  and  placed  electrically  in 
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parallel.  This  represents  the  larpcst  standard  size  of  this  particular  type, 
l-acli  i)Iate,  which  is  15  inches  in  diameter,  apiwars  on  insjjcction  to  be 
liiied  with  cement ;  in  this  cement,  however,  the  resistance  coils  are  em- 
bedded, ft)rming  electrically  one  continuous  conductor  to  which  electrical 
access  can  be  obtained  at  regular  intervals  through  t\\  ■  >  riML's  of  contact  stud- 

which  can  be  cleaily  seen  on 


the  front   of   the  riKht-hand 

]>late  in  the  fit,nirc.  The  con- 
ductor used  is  a  special  alloy 
with  a  low  temperature  co- 
clticicnt.  The  hubs  carrying 
the  contact  arms  are  all 
mounted  on  the  same  spindle, 
and  can  be  turned  into  any 
p-isition  hy  rotating  the  sprocket  wheel  shown  in  the  figure  or  by  rotating 
a  hand  wheel  which  is  substituted  for  it  for  manual  opcr.ition.  Tiic 
electrical  circuit  coi.  lections  are  those  of  Fig.  177,  but  the  contacts  are 
much  more  numerous. 

In  the  second  or  "  tube  "  type  of  rheostat  the  resistance  wire  is  wound 
upon  a  cylindrical  fireproof 

tube,  and  then  coated  with 
an  insulating  and  protecting 
conip  )und.  Several  sizes  of 
these  tubes  as  they  appear 
when  completed,  and  with 
tiic  ends  of  the  resistance 
wires  brought  out,  are  shown 
in  Fig.  180.  The  ends  of  the 
tubes  are  bushed  with  jior- 
cclain.  These  tubes  can  be 
mountc<I  din;itly  on  the 
switchboaid  panel,  tliough 
this  is  not  recommended; 
The  more  usual  plan  is  to 
mount  them  on  one  side  of 
a  slate  base,  on  the  other  "e- •''•-""'i'i^h  Th,™.^  n  h^^^^^^ 

side  of  which  the  contacts 

for  a  radial  contact  arm  are  arran'  to  be  operated  in  much  the  same 
manner  as  for  a  single  "  plate  "  rheo^.at.  Tubes  of  the  E  e  size  of  Fig.  iSo 
are  made  up  to  a  standard  maximum  rating  of  50  amjrcres.  The  lighter 
tubes  are  for  smaller  currents. 

For  the  heaviest  currents  the  "  grid  "  type  of  rheostat  shown  in  Fig. 
181  is  used.    In  tliis  type  the  resistance  material  is  in  the  form  of  grids  whose 
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iipo  ran  he  readily  made  nut  in  tlu'  f"iL;urc.    These  priils  arc  asseniMcd  in 
-up|)  irtini;  fianu  work  trom  wliidi  tin  y  are  insulated  by  mica.    One  end 
[  tlie  Iraiue  carries  a  slate  slab,  up<m  which  are  mounted  contacts  sul)stantial 
■  for  the  heavy  currents  to  be  handled.    The  slab  also  carries,  with 

s'i[)piitini;  hi.irket,  an  axle  upon  which  are  innuntnl  tlie  u^-ual  lailial 
.niitact  arms,  which  at  their  ends  carry  copjier  plunger  brushes,  in  which 
(<)I)[>er  l)nishes  arc  prt>ssed  firmly  against  the  contact  studs  by  suitable 
riiii;s.  It  is  rlaiini'd  that  this  cunstructiun  secures  maximum  conduc- 
•i\ity  with  niininnim  Iric- 
;i'n.  The  rhenstats  are 
made  in  standard  sizes  lor 
<  an  yinp;  currents  up  to 
',51)  ainjieres. 

In  regard  to  the  num- 
ber of  contacts  available 
,1  p<iint  rt'tciied  to  on 
1)11^0  IiSj,  the  "plate" 
tvi>o  is  made  in  three 
-i/es,  with  35,  50,  and  70 
:e>istan(  o  divisions  respect- 
ively. The  " tube "  typo 
is  similarly  supplied  with 
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numcnnis    contacts,    and  | 

the  standard  i,'iiil  tyii.s 
divide  the  .'ivail.ible  resist- 
ance into  fn>m  70  divisions 
fnr  the  lii^liter  currents 
.1  iwn  to  41)  divisions  tor 
the  heaviest  eurieiits; 
Some  exatn|>U's  w  ill  be  re- 
ferred to  presently. 

All   the   rheostats  can  >ig.  ,8j. 

iic    operated    by  hand 

wheels  mounted  on  their  axles  or  by  chains  passing  over  spioi  ket  wheels 
similarly  mounted,  as  shown  in  I'ics.  17(1  and  iSi,  and  driven  irnm 
s  'uie  convenient  position  at  tiie  sw itclihi'ard.  One  method  of  operating 
in  this  way  is  shown  diagrammatically  in  Fi;.,'.  i^^-',  in  which  a  hand- 
wlieel  II  is  mounted  on  a  vertical  shaft  carried  by  a  pedestal  on  the 
switchboard  iilatforni.  This  shaft  works  the  spur  f^ear  G  below  the  plat- 
iorm,  rotatini;  the  liori/,i  ntal  shatt  s,  In  ni  which  the  spiccktt  wliccl  of 
the  rheostat  can  be  driven,  the  rheostat  itself  being  placed  in  any  coii- 
venient  jwsition,  such  as  R,  or  K.,  wlicrc  space  is  not  so  valuable  as  it 
is  closer  to  the  switchboard. 
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Automatic  Control  of  Field. — It  is  further  obviously  possible  to 
drive  these  axles  electrically,  and  this  possibility  opens  up  the  additional 
possibility  of  the  control  being  made  automatic  sf)  as  to  be  operated 
whenever  the  cirrumstances  so  reqiuic,  thus  approximating  to  the 
automatic  control  furnished  by  "  compounding." 

As  examples  of  such  control,  particulars  are  given  of  one  of  two 
different  kinds  of  apparatus,  one  ratchet-driven  and  the  other  motor- 
driven,  as  (li  sii^ned  by  the  British-Thomson-Houston  Company.  The  front 
of  the  rheostat  arranged  for  the  axle  to  be  ratchet-driven,  is  shown 
in  Fig.  183,  in  which  the  sprocket  wheel  of  preceding  figures  is  replaced 

by  a  large  four-sjx)ke  wheel  ol 
the  full  diameter  of  the  con- 
tacts, and  carrying  on  its  inner 
periphery  the  necessary  teeth 
for  engaging  with  the  pawl, 
which  can  be  partly  seen  at  the 
bottom  behind  the  supporting 
bracket.  There  are  two  such 
pawls,  one  to  be  operated  by  the 
left-hand  solenoid  for  rotating  the 
wheel  clockwise  and  increasing 
the  resistance  in  circuit,  and 
the  other  to  be  operated  by 
the  right-hand  solenoid  to  rotate 
the  wheel  in  the  opposite  direc- 
tion. A  diagram  of  the  connec- 
tions is  given  in  Fig.  184,  in 
which  for  clearness  the  rotating 
Fis.  iSj-EiKtrfcanyCOTtj^JM  FieM  WieoM^  parts,  the  pawls,  and  some  of 

the  contact  sectors  are  omitted. 
The  rheostat  is  placed  between  one  of  the  busbars  and  the  motor 
field  F  by  its  main  contacts  t,  and  t,,  one  of  which,  t,,  is  joined 
directly  to  the  tirst  contact  "  i  "  and  the  other  T,  to  the  revolving 
contact  arm  (not  shown)  through  the  continuous  ring  N  N  N.  The 
c<introl  is  effected  through  a  single-jwlo  throw-over  switch  B  A  c,  which 
is  mounted  on  the  switchboard.  When  this  switch  is  thrown  over  to  the 
left  so  ;i3  to  join  the  contacts  a  and  B  the  left-hand  solenoid  L  is  energised 
and  the  pawl  moves  the  wheel  one  notch;  At  the  limit  of  its  travel  its 
core  (f,  opnis  the  contact  n,,  breaking  the  solenoid  circuit  and  allowing 
a  strong  spinig  to  pull  the  pawl  and  armature  back  to  the  neutral  posi- 
tion. This,  however,  again  closes  the  contact  Dj  and  the  ojx^ration  is 
rej^eated  as  long  as  the  switch  a  b  remains  closed.  If  tlie  switch  is  thrown 
over  so  as  to  close  the  contacts  a  c  the  right-hand  magnet  r  is  eno'gised 
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iiid  tlic  wheel  is  rn- 
Mtcd  countcr-clork- 

i-C.       To  JiU'Vl'llt 

iie  wlicfl  being  rn- 
i.ited    t<H)    far  in 
iilur  direction  tlie 
.iiiit     switdiis  r, 
iiul  i:,  are  arranf,'e(I 
p    be    struck  and 
IH  iu'd  by  the  rotat- 
arm    wluii  it 
1  caches  the  liust  stud 
I  in  either  side ;  E,, 
'.vhil:-t    held  oneil, 
iuealcs  the  circuit 
•  I     L,     and  Ej 
lireaks  that  of  r. 

It  coidd  be  ar- 
:  i;iL;cd  for  the 
>\viich.  B  A  C  to 
1)0  worked  autom- 
at ic^dly  as  the 
\  ohage  of  the  gener- 
ator rises  and  falls; 
hut   under  present 

(onditions  it  is  considered  unnecessary  to  complicate  the  circuits  by 
ni  ikiiii,'  such  au  arran.^cnient  ;  the  switchboard  attentlant  has  sinii)ly  to 
liold  the  switch  over  until  his  voltmeter  shows  that  the  right  voltage 

has  l>een  attained,  and 
then  open  it  by  hand. 
If  necessary,  a  spring 
can  be  arranged  to 
ensure  that  it  is  not 
carelessly  left  per- 
manently closed. 

In  the  regulator 
designed  by  Messrs. 
Ikown,  Hoveri  am! 
Co.,  Limited,  a  suiall 
series-wound  motor  is 
used  to  vary  the  re- 
sistance in  the  shunt- 
drcuit  of  the  dynamo. 


BAG 

Fig.  184. — Connections  of  Klcctrically  Controlled  Field  Rht-irst.\t. 
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Fig.  ig}.— llruwn,  Uoocti  &  Co.'*  HeguUtor  lucd  with  Self-Exciliiig 
Gvacnton. 
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The  niownu-nt  of  the  armature  is  controlled  by  spiral  springs,  so  that 
it  can  only  rotate  throuf,'h  a  small  range  of  arc  within  which  it  effects 
the  lucessary  changes  in  the  resistance. 


Fig.  iF^)  — I>i.(i;i.im  allowing  Iiitmml  ( ■(.iniactions  of  IJrowri,  ItoVLri      t"o.  s  K''iiul.iti)r  (\Irt  t  I>riven). 

The  general  i)lan  of  the  connections  for  controlling  tlirce  dynamos 
working  in  parallel  on  the  same  busbars  is  shown  in  Fig.  185,  whilst  the 
circuits  and  further  mechanical  details  of  the  regulating  motor  are  depicted 
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iijtO'ainmatically  in  Fip.  186.  The  rcfnilator  ha<;  three  pairs  of  (crminals. 
I  he  first  ]iair  i;  is  (  (iiincctt  il  td  sjx  ci.il  ri  L,'\il;itiiiL;  IctN  i.  I ,  wliiili  can 
I  itlior  be  thrown  into  or  cut  nut  troni  the  shunt  circuits  of  the  dynamos 
hv  the  switches  u ;  these  circuits  can  further  be  a»ljusted  independently 
■t  the  regulator  by  the  variaMc  remittances  indicated  at  M.  Tlie  second 
, air  of  terminals,  "  St  ''  1  connected  to  thi'  two  inds  of  a  low  resi>tance 
:  i^erted  in  one  of  tlie  loads  carrying  the  load  cuirent,  and.  therefore,  has 
always  a  p.  d.  which  rises  and  falls  with  the  load  current.  The  third  pair 
of  terminals  "Sp,"  is  joined  directed  to  the  busbars  u  n,  and  its  p.  n.  will 
:i>e  and  fall  with  the  voltage  of  these  bars. 

Turning  now  to  the  diagram  of  the  regulator  itself,  Fig.  iS(>,  it  will 
t)e  seen  that  the  terminals  E  arc  for  the  purpose  of  throwing  into  the 
.  xcitation  cir- 
I  uit  of  any  dy- 
namo connected 
to  L  L  so  much 
I  if  the  resist- 
iiices  g  g,  as  is 
not  siiort  -  cir- 
cuited by  the 
moving  sectors 
s  ,s,  whose  posi- 
tion is  controlled 
by  the  position 
of  the  motor  ar- 
mature h.  If 
the  circuit  con- 
nected  to  the 

Flif.  167. -FitlincH  anil  Shaft  of  I'f.:iit.i!iiis  M"tor. 

tmninals  "Sp" 

Ix'  next  traced  out,  it  will  be  found  that  it  con-^i^ts  of  tlie  ie-i-tanc(  7,'  in 
series  with  the  armature  A  and  the  main  excitation  coils,  t,  of  the  field 
magnets  of  the  regulating  motor.  The  motor  is  therefore  primarily  a  series 
motor  placed  direct  on  the  busbars,  the  ce  u<  Ixing  introduced 

nurely  to  reduce  the  current  used.    The  ton  he  arniatun-  b-  lng  pio- 

}H)rtional  to  the  current  in  the  armature  and  -  '  field  tlu.<,  will, !  ■  refore, 
initiall\-  deiHiid  on  the  voltage  of  the  busbars,  and  if  the  terminals  "  St " 
,ue  not  in  circuit  the  jxtsition  of  tlu'  armature  will  be  di  termincd  b\-  this 
voltage  and  the  controlling  torque.  This  controlling  touitu'  is  supplied  bv 
two  spiral  springs,  /  and  q,  whose  positions  are  shown  in  Fig.  1.S7,  which 
d.  jncts  the  shaft  of  the  motor  strippid  of  its  .Kctiical  windings,  and 
Ml  which  h  again  rcpust>nts  the  body  of  the  arniatuie.  The  shaft  also 
li  i>  attached  to  it  tlexible  springs  d  (Figs.  i8()  and  1S7),  which  carry 
jcwclkd  bearings,  which  press  against  the  pivots  of  the  radial  shafts. 
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carrying  ihc  sectors  s.  The  springs,  theref(jre,  hold  the  sectors  against 
the  contacts  k  k  (Fig.  i86),  along  which  the  sectors  roll  with  a  minimum 
of  friction,  short-circuiting  a  definite  number  of  coils  for  each  pisition  of 
the  annature.  In  this  way  the  resistance  in  the  shunt  circuit  of  tin 
(Inikuikj  is  increased  if  the  busbar  voltage  rises,  and  diminished  if  it 
falls,  the  normal  voltage  in  which  everything  is  in  equilibrium  btiii: 
adjusted  by  the  screw  r  (Fig.  i86),  which  regulates  the  torque  produced  b\ 
the  spiral  spring  /  (Tii,'.  1S7). 

J  he  dar.'ping  is  magnetic,  and  is  effected  by  the  rack  on  the  sector  /> 
rotating  the  aluminium  disc  o  between  the  poles  of  the  magnets  m.  ThU 

ini  tliMil  iif  (1         •  '  >     1       f       .  vilained  elsewhere  (%ee  page  722,  Vol.  I.). 

The  circuit  Ix  tween  the  ter- 
minals '  St  "  is  used  for  over 
compounding.  It  consists  of  a 
field  winding  /  in  parallel  with 
more  or  fewer  of  the  resistances 
n  (Fig.  186).  Tlie  field  winding 
is  connected  up  differentially  so 
as  to  oppose  the  main  excitation 
of  the  motor.  As  tlierefore  the 
load  on  the  feeder  f  (Fig.  185) 
increases,  the  current  in  this 
circuit  weakens  the  field  nion 
and  more,  tlius  produciiii,'  tin 
same  effect  as  a  fall  in  tlu' 
\olta,i,'e  of  the  busbars.  The 
armature  of  the  mntor,  then - 
fore,  moves  so  as  to  cut  out 
some  of  the  dynamo  shunt  re- 
sistancc.  and  to  increase  the  Vmsbar  voltage.  It  may  thus  arranged 
that  for  periods  of  heavy  load  in  a  tramcar  system,  the  busbar  voltaj:;e 
may  lx>  increased  to  any  i)redetermined  value  above  the  normal,  say 
from  5(i((  to  550  voits,  an  increase  of  10  per  cent. 

The  actual  regulator  ready  for  mounting  on  a  panel  is  shown  in 
Fig.  iSS,  which  should  Ix'  carefully  compare.!  as  to  details  with  tli. 
preceding  figures.  It  is  claimed  that  the  action  of  these  regulators 
is  very  rai)id,  and  that  they  are  so  sensitive  that  the  pressure 
can  be  maintained  constant  within  one  per  cent.  Their  use  for 
alternating  current  generators  and  in  other  directions  will  be  referred  to 
later. 

In  conclusion,  other  firms  have  dealt  successfidly  with  th"  various 
problems  of  rheostatic  control  of  gencrat'-rs ;  but  as  these  prublums  come 
up  again  in  a  more  complicated  form  in  connection  with  the  control  of 
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iltcrnators  and  of  continuous  current  motors,  further  ilhistrations  arc 
i»istp')ni'<l  until  thc^sc  subjects  arc  taken  up. 

(i)  Third-Brush  Regulation. — In  some  i>{  the  niai  hincs  of  Messrs.  Mavor 
iiul  Coulson  an  ingenious  method  t>f  regulation  jimitoscil  by  Sayers  was 
used  for  a  time.  This  con-^i-^tcd  in  drawmg  tlie  excitation  current  licin 
a  third  brush  so  placed  on  the  commutator  that  tlie  distortion  of  the  lii  id 
as  the  load  increased  raised  the  voltage  on  the  excitation  circuit  sufficiently 
[•IT  regulation  jiurposcs.  The  nietliful  kcjit  the  v.  U.  constant  and  disiicnscd 
with  the  control  rheostat,  tlierefore  saving  the  ciicigy  wasttil  therein.  It 
is  fully  described,  with  a  diagram  of  resuKs,  in  the  last  edition  of  this 
book,  but  as  it  is  not  now  used  it  is  considered  unnecessary  here  to  do 
more  than  refer  interested  readers  to  that  descrijJtion; 

(1/)  Electric  Governing  of  Entwine. — When  the  iirinic  niovi  r  used  to  (hive 
the  dynamo  is  a  steam  turbine  the  voltage  l  an  be  kept  constant  by  elec- 
trically controlling  the  speed  of  the  engine,  a  method  of  regulation  which, 
though  not  impossible,  is  not  so  readily  applicable  to  reciiiroc.iting  engino. 
riie  method  was  successfully  developed  by  Messrs.  (".  A.  Parsons  and  ( <>. 
in  connection  with  their  early  forms  of  steam  turbines.  Tlic  govcrnoi 
of  t'  0  engine  consisted  of  a  solenoid  connected  across  the  tcrniinals  of  the 
dynamo,  and  acting  ujwn  a  core  controlled  by  a  spiral  sjiring.  This  core 
in  moving  up  and  down  in  the  solenoid  actuated  a  lever,  whiih  in  its  turn 
acted  upon  a  small  valve  controUing  a  steam  relay.  In  certain  jHjsitions  the 
relay  admitted  steam  to  work  a  piston  which  operated  on  the  main  throttle 
valve  of  the  engine.  At  small  loads  the  sttani  was  a(lniitt(  d  in  i  (iual  ]Rift;-, 
and  as  the  load  rose  these  puffs  became  longer  and  longer,  until  at  lull  loail 
the  admission  of  steam  was  continuous.  The  governor  could  be  set  to 
k«  p  the  voltage  constant  or  to  give  any  required  range  of  voltage,  and 
it  was  very  prompt  in  its  action. 

Regrulation  for  Variable  (but  nearly  Constant)  Voltagre.  in  many 
jirartical  cases  the  machine  is  required  to  deliver  energy  in  much  the  same 
way  as  a  constant  voltage  machine— that  is,  the  chief  variation  in  the 
load  is  brought  about  by  varying  the  cm  rent  in  the  working  circuit,  but  it 
is  further  desired  to  vary  tlie  voltage  between  the  somewhat  narrow  limits 
of  from  10  to  15  or  20  i»er  cent.  If  the  condition  is  that  the  volts  are  to 
1  ise  to  the  above  extent  with  the  load,  it  can  be  met  more  or  le>s  satistai  toi  ily 
by  over-compounding.  In  this  case  the  extra  excitation  reijuiicd  at  the 
increased  load  is  supplied  by  a  series  coil  as  in  compound  winding,  but 
the  number  of  compensating  turns  used  is  more  than  sufficient  to  keep 
the  P.  D.  constant.  Thus,  with  tramway  generators  the  usual  \\  i>.  may 
be  taken  as  500  volts,  hut  when  the  load  is  heavy  tliis  may  rtcjiiire  to  be 
increased  up  to  550  volts,  a  rise  of  10  per  cent.,  to  comiK-nsate  for  the  voltage 
drop  in  the  long  feeders  and  distributors  caused  by  the  heavy  currents.  The 
rise  at  the  generator  is  intended  to  keep  the  voltage  more  nearly  constant 
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it  the  cars,  and  therefore  the  dynamos  may  be  said  to  be  compni  ndfd  for 
a  constant  p.  i>.  at  some  distant  jxiint. 

Where  the  p.  n.  is  required  to  l)e  different  at  different  times  for  tlie 
same  load,  it  is  oh\'ioui  that  the  repulatinn  cannot  generally  be  automatic, 

and  therrfori!  the  devirr  already  referred  tn  of  a  variable  resistance  in  tin 
sliiinf  circuit  adjustable  l>y  hand  is  usually  ap])lied.  Sometimes,  linwever, 
the  machine  is  compound  wound,  so  that  with  the  assistance  of  the  scries 
coils  sufficient  excitation  will  be  obtained  for  the  most  severe  conditions 
contemplated.  The  repulation  is  then  made  to  consist  in  putting  a  variable 
resistanee  adjustable  by  hand  in  parallel  y/ith  the  series  coils  of  the  winding. 
This  resistance  drains  off  some  of  the  current  which  would  otherwise  How 
thiviugh  the  series  coils,  and  therefore  diminishes  the  ampere-tums  of 
excitation  available,  until  finally,  when  the  series  mils  are  short-circuited, 
tliey  cease  to  have  any  effect  on  the  excitation,  and  the  machine  l)e<.-..ies 
simply  a  shunt  machine. 

Charaiiig  Secondary  Batteries. — specially  interesting  case  is  that  of 
the  charging  of  secondary  batteries.  For  reasons  given  elsewhere  shunt 
machines  should  be  employed  for  this  work,  and  tlierefore  coni]>oun(l 
winding  cannot  be  relied  upon  to  give  the  extra  volts  required  as  the  charg- 
ing proceeds.  Moreover,  the  range  required  may  be  as  much  as  an  increase 
of  40  ])er  cent,  on  the  initial  r.  D.  if  no  ceils  are  cut  out  as  the  battery  p.  n. 
rises.  The  various  methods  of  satisfying  these  and  other  conditions  will 
be  considered  most  conveniently  in  connection  with  the  general  subject  of 
secondary  batteries  and  their  use  in  generating  stations. 

Regulation  for  Constant  Current.— The  problem  of  designing  a 

dynamo  so  that  under  all  loads,  within  proper  limits,  the  current  shall 
remain  constant  whilst  the  p.  d.  at  the  brushes  varies  with  the  load,  is 
one  which  is  not  so  readily  solved  as  the  corresponding  one  for  keeping 
the  p.  D.  ronst.int.  A  glance  at  the  external  characteristics  for  series-  and 
shunt-wound  dynann)s,  given  on  Fig.  490,  Vol.  I.,  will  show  that  no  method 
of  compound  winding  is  available  here.  Some  method  of  control  external 
to  the  field  magnets  .and  armature  is  ncce-sary,  ami  such  methods  luive  been 
a(lo])ted  ior  the  high-pressure  arc-light  machines  which  have  been  most 
widely  used. 

The  constant  current  regulators  for  the  Brush  arc  light  dynamos  have 
l)cen  modified  and  improved  from  time  to  time,  and  some  of  the  earlier  forms 
will  be  found  described  in  the  previous  editions  of  this  book.  A  more  recent 
form  is  shown  diagrammatically  with  its  connections  to  the  machine  in  Fig. 
i8(),  where  A  and  B  are  the  jiositivc  and  negative  terminals  of  the  dynainn, 
which  will  be  fouiul  de-cribed  on  ]i.ige  4()(').  Vol.  I.,  and  a  and  b  are 
binding  screws  couiuh  ted  to  the  ends  of  its  field-magnet  coils.  The  carbon 
resistance  c  h  jdincd  io  d  and  b,  and  is  therefore  in  parallel  with  these  coils. 
By  moving  tlie  lever  I,  the  contact  pressure,  and  with  it  the  combined 
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nsistanre  nf  the  carhon  Hock?,  ran  Ik-  altered,  tlnis  raiisiiiK  •i"  alteration 
1  the  icl.iti\t'  (unt  iK-.  in  Ihr  iwu  (ii.uil-.    Tlie  K\ii  /  i>  iii>i\til  l>y  tlic 
siulator  tnaf,'iiut  m,  wliidi  is  mnlrolli d  by  the  lelay  niafjntl  r.  The 
I'xfemal  current  of  the  machine  jwsscs  tliroiif^h  K,  and  when  of  the  pn  (wr 
tuiifjtli  'ii'lds  the  armalmc  ii  hall  wav  httwuii  the  (ciit.nts  c  aiul  J. 
Hie  nia(,'net  M  is  wound  with  tliree  sets  ol  eoil^.  a.  y.  .ind  r,  t  a(  ii  ot  wliicli 
o  traversed  by  tlie  main  current  in  the  nomi  il  st.iii  oi 
.itfairs  slu)wn  in  the  diagram ;  of  these,  y  and  z  each  has 
the  same  numlwr  of  turns. 


1..q:_1 


J:- 


'Ut  y  is  count  cted  so  that 
its  magnetising  action  assists 
X,  whilst  the  magnetising 

u  tion  of  z  is  in  the  ojip'  •-iti' 
(hiection.    Tlius,  wiien  d  is 
in  the  central  position,  tlie 
main  current  traverses  tlic 
three  coils  .r,  y,  and  r,  but 
i!ie    magnetising  effect  is 
tliat  of   X  only,  since  y 
and  r  mutu- 
allv  cancel 
(iiie  another. 
Hut   if  the 
main  current 
hocomes  too 
^t'ong,  I)  is 
raised 
against  the 
I.  intact  d, 
.iiul  the  coil 
z    is  shoit- 
rircuitedand 
loses  its  cur- 
n  iit,  leaving 

V  intl  y  both  r>rush  Clcipel  RecuKitor  for  Con^l.nnt  Current. 

iiKignctising  M  in  the  same  direction.  Consequently  the  armature  F  is 
.liawn  uinvards,  the  carbon  blocks  arc  compressed,  more  current  tlows 
through  the  carbon  resistance,  and  less  through  the  tiekl-magnet  coils  of 
the  dynamo.  The  dynamo  e.  m.  f.  therefore  diminishes,  and  the  m.ain 
luircnt  falls  off  ai;ain  to  its  normal  amount,  (hi  the  othrr  hand,  when 
liio  maiu  current  falls  beU)w  its  jiroper  value,  D  ditips  on  c,  and  the  coils 
y  are  short-circuited,  thus  losing  their  current.  Consequently  the  magnet 
M  i:$  now  only  energised  by  the  difference  in  the  ampere-turns  of  the  coils 
66 
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X  ami  z,  anil  its  annattiro  f  falls  downwards  iind  the  pressure  on  the  carbon 
1)I'M  ks  is  diminislicil,  tlicir  olfctrical  rt-sistrinie  Ix-inf;  tlun  fore  inruaM  i!. 
Tlius  less  current  fl»ws  through  c  and  more  through  the  magnetising  coil^ 
of  the  dynamo,  whose  v..  M.  F.  therefore  increases  and  restores  the  main 
current  to  its  ivirmal  vahic. 

The  actual  apparatus  is  sliown  in  Fig.  H)o,  the  construction  m 
which  will  be  readily  understood  by  a  comparison  with  the  diagrams  in 
Fig.  iS.,. 

Utlu  r  arc-light  machines  controlled  by  special  apparatus  to  give  a 
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constant  current  at  a  variiible  voltage  were  devised  in  the  early  <lavs  ■  ( 
arc  lighting,  but  for  all  practical  purposes  these  have  now  been  suikt- 
scdcd  by  the  large  central-station  generators  described  elsewhere  in 
this  hook.  Ill  other  words,  arc  lighting  has  ceased  to  be  dealt  with  hv 
sjK'cial  generators,  and  when  reiiuired  is  taken  as  part  of  the  ordiiiaix 
load  of  the  generating  station.  The  reader  who  is  interested  will  find 
in  the  previous  edition  of  this  book  (pages  824  ct  scq.)  a  full  description 
of  the  regulating  gear  of  the  very  ingenious  and,  at  one  time,  widely  used 
Thomson-Houston  arc-light  dynamo. 

Thury's  Method  0/  Kigulation. — In  connection  with  his  system  of  long- 
distance transmission  by  continuous  currents  of  constant  magnitude, 
M.  1^.  Thuiy  iiiuiiy  ycuih  a,;;o  used  icj^iilat 01  s  which  either  uffccl  tlic  iiiaL;;u  iic 
field  or  the  lead  uf  the  bruslies.    The  cliief  feature  of  the  system  is  the 
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conncctinp  of  several  liiRli-x  oltaRc  cnntinuous  curnnt  dynanios,  in  sirios, 
ilius  raising  tin-  liiu'  voltaRt-  to  a  ver>-  higli  valuo,  whicli  in  a»nM'  cases  has 
reached  30.000  volts,  produced  l>y  eight  machines  in  series. 

Up  to  8.000  volts  the  generators,  with  their  armatHres  in  series,  were 
in  the  early  days  s«'paiately  excited  by  a  single  .  xnter,  which  surplitd 
currents  in  parallel  to  the  lield-niagnet  circuits.  The  exciter,  in  one 
i>pical  instance,  was  driven  by  a  turbine,  which  was  controlled  by 
a  s«)lcnoid  travers.<l  by  tlu-  main  einivnt  of  the  f^-eneratuis.  The 
solenoid  in  its  turn  controlled  the  valve  by  which  water  was  adnnlted 
to  the  tur- 
tnne.  If  the 
load  dfanin- 
i--h((l  and  the 
main  current 
increased,  the 
>  o  1  e  n  o  i  d 
caused  this 
valve  to  close, 
thus  diminish- 
ing the  power 
supplied  tothe 
I  xciter  and 
lessening  the 
current  sup- 
plied to  the 
lit  Id  -  magnets 
of  the  genaa- 
tors,  whose 
p.  n.'s  at  once 
fell,  and  the 
main  current 

rr[,'ained  its  normal  value.    The  action  was  the  opposite  when  the  load 

was  increased. 

For  higher  voltaRes  the  machines  we.e  self-cv  inp,  and  each  carried 
.1  mechanical  regulator  electrically  controlled.  1  -oni  full  load  to  tline- 
.|iiarters  lo.id  the  regulator  acted  upon  a  resistance  in  the  li.  Id-inagnet 
ni-nit  ;  but  from  three-quarters  to  no  load  its  action  was  transferred  to 
ilie  brush  gear,  which  it  rocked  so  as  to  diminish  the  effective  voltage  of 
the  machine.   Carbon  brushes  were  used. 

For  reasons  wliicli  it  mav  Ix-  po-sihlc  to  discus-  fullv  later,  Die  sv-tem 
i  f  transmission  of  power  by  continuous  currents  at  high  voltages  has 
h  it  been  very  widely  developed,  but  there  is  a  notable  instance  rf 
it  in  the  neighbourhood  of  London  elaborated  by  Mr.  J.  S.  Highfielu, 
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undrr  tho  auspices  of  th«'  Metropolitan  Electric  Supply  Company,  as 
snilablr  for  a  sparsclv  |xipul.itt(l  district.  It  will  Ih'  ■  iiIIk  i.  nt  fiu  0111 
J  rest  iit  puriHi<>e  to  describe  the  tlevelojHd  tyix'  of  Thury  rt  ^ul.itor  a> 
usf<l  thereon. 

Ill  tlir  <  ;irlit  r  tvjx  s  uf  rr,!,'iil.itnrs  n  frrrcd  to  alwivi'.  tlif  ntvcssary  move- 
nuiit>  fur  the  iiilrixliKtiuii  df  nsistaix-.'  or  iliaiininK  tlif  jM.Miion  of  the 
Wushes  were  made  by  the  armature  of  aw  ekctru-raagnet  actuating  pawls 
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and  f,"  'i'i"t,'  wliich  tlio  niniircd  motions  were  transmittrd  to  llic  oper- 
ating shaft  or  shafts.  In  the  more  recent  method  adopted  in  London 
the  energy  r  quired  to  rotate  the  shafts  is  derived  from  a  small  hydraulic 
turbine  workiiif;  in  (iil  and  driven  from  tlie  shaft  of  the  macliine  to  Ix 
regulated.  This  turbine  lu.initaiiis  the  oil  in  the  turbine,  and  its  casini; 
at  a  pressure  of  ,  "  in  r  square  ineli.  Tiie  regulation  is  accomplislied  by 
the  intervention  1  'enoid  which  admits  the  pressure  oil  to  a  gate 
working  on  a  sh^  .  solenoid  operating  the  admission  gate  so  that 
the  oil  is  admitted  to  turn  the  gate  either  one  way  or  the  other  as  may  be 
necessary. 
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With  this  prcUtninary  cxj»lanatinn  It  will  not  be  fiifficult  to  follow  the 

iictii.il  details  uf  tlic  K  L,'ii1.it'ir,  .i  (li.ii^i.iiiiinatii'  linri/cmtal  m  t  tiini  of  wliiiii 
i>  ^ivcii  in  I-'i^'.  1<|I.  riu'  .i|'[Miatii:i  iiiiiiiiittil  mi  tlu'  Uil  plate  <if  a  5,ihhi- 
VI  lit  motor,  built  by  Messrs.  Dick,  Kt-rr  Si  Co.,  is  shown  in  Fig.  VM, 
liie  method  of  control  it  uf  course  the  same  wliether  ttte  regulator 
is  applied  tn  a  dynamo  or  a  motor.  In  Fi),'.  i<)i  the  controlling 
-i.liiiiiid  i-.  indicated  uiiK'  at  r,  tlie  pl\inmr,  the  i ml  (i{  wliieii  niily  is 
-liown  acting;  un  tlu"  li  vers  L  i.j  uKaiiist  the  spiings  s  uiul  i:.  At  tlu* 
utlu-r  ond  of  the  system  is  the  turbim-  c  ci>mplotely  immrrst-d  in  oil  and 
■  ItiNen  bv  a  IhII,  seen  in  I'ii,'.  fsom  the  >lia(t  of  the  lilaeliine  to  W  iet;u- 
lated.  The  function  of  tins  tiiibiiie.  a>  alicady  ixplaint d,  i>  to  maintain 
a  pressure  of  2$  lbs.  ixr  scpiart'  inch  in  all  parts  of  f'.ie  oil  j  j  j  ct>ntain<d 
in  liic  pa-.^atit'S.  •  u  ,  of  the  casinj;.  Tlu-  operatir.^  cylinder  A  is  vertical, 
and  contains  a  K'di'  n,  which  can  bt^  rotated  on  a  vertical  shaft  thiont;h  a 
■r:<nunt  of  the  (\liiuler.  The  oil  under  pie>-nre  can  Ix'  admitted  to  eiilu  r 
side  of  this  gate  according  to  the  ixisition  of  the  small  piston  valve  D  which 
is  controlled  by  the  solenoid  G.  The  vertical  shaft  of  B  is  geared  by  bevel 
uiiecls  to  .1  lioriitontal  shaft  which  acts  diiectlv  on  the  l>ni>h  rocker.  A 
luothcd-whti  1  segment  r,  attached  to  this  shaft  for  hand  operation,  can  be 
s((n  in  Fig.  i()2.  Thus  any  variation  in  the  current  through  the  solenoid 
(i  changing  the  direction  of  the  flow  of  oil  brings  into  play  a  very  large 
force  (luitc  suflRcient  to  rod.  the  brushes,  and  also  to  operate  a  switch  which 
--hunts  more  or  less  of  the  ex(  itation  current  in  the  tield  magnets.  When, 
in  addition,  it  is  explained  that  the  brush  rocker  is  mounted  on  roller  Uar- 
ings  the  remoteness  of  the  possibirty  of  failure  will  be  understood.  The 
>UKill  springs  ^liown  in  V\ii.  are  introduced  to  jucvent  huntiiif.'.  The 
action  is  rapid,  lor  it  is  claimed  that  the  necessary  adjustments  Lctweia 
no  load  and  full  load  can  be  made  in  less  than  one  second. 

IX.— SIZE  AND  orTPfT 

I?y  the  "out;. at"  of  a  <l>nan;o  is  iiuant  the  maximum  .nniounf  of 
fHiwer  measured  in  watts  (ur  kilowatts)  which  m.iy  Ix'  taken  electrically 
from  its  terminals  for  long  periods  of  time  without  unduly  heating  or  other- 
wi>e  (lai;ia,i,'ini;  the  machine.  If  more  power  than  this  lie  taken  the  dynamo 
i>  >aid  to  be  "overloaded,"  and  mo>t  modern  machines,  e>iH.ci,illy  thii>e 
built  to  supply  power  for  traction  purjioses,  are  so  designed  that,  without 
-iiious  trouble,  thev  can  take  a  consider.ible  "overload"  for  a  short 
nine.  The  rated  "output,"  however,  should  always  be  the  maximum 
safe  load  which  the  machine  can  cany  for  M-veral  hums  without  show- 
ing signs  of  distress.  To  test  this  point  it  is  u.-ual  to  sjiecify  a  ma.ximum 
excess  temp'ratiue,  lieyond  which  the  temj-K-rature  of  the  machine 
must  not  rise  when  \\\\\  for  several  hours  at  the  specified  full  load. 
Incidentally,  it  may  be  remarked  that  this  excess  temperature  gives 
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a  rouRh  indication  of  the  efficiency  of  the  machine,  that  machine, 
cctcrh  paribus,  being  most  efficient  which  keeps  coolest  during  a  long 
full-load  run. 

The  connection  between  the  output  and  the  size  or  dead  weight  of  the 
machine  is  an  impmlant  one  for  the  bulkier  to  consider,  and  is  also  of  interest 
to  the  user.  It  is  intimately  bound  up  with  the  speed  at  which  the  dynamo 
may  be  run,  for,  as  we  have  already  pointed  out,  the  higher  the  speed  the 
lighter  will  b<'  the  machine  for  a  given  output,  and  therefore  the  less  costly, 
at  any  rate  as  regards  materials. 

With  so  many  variable  quantities  in  the  design,  and  so  many  new  con- 
ditions to  be  fulfilled  as  the  size  increases,  it  is  not  to  be  expected  that 
theory  will  be  able  to  give  more  than  a  rough  indication  of  the  connection 
between  size  and  output,  and  then  only  under  carefully  defined  contlitions. 
Attempts  have  therefore  been  made,  by  examining  the  data  obtained  from 
various  machines  after  construction,  to  find  empirical  laws  which  fit  the 
available  figures.  For  instance,  taking  machines  working  within  safe 
temperature  limits,  Jackson  deduced  the  equations 

K  =  -002  W"  (between  5  and  25  kilowatts) 
and  K  =  5  +  -0059  w  (above  25  kilowatts) 

where  k  is  the  output  in  kilowatts  and  w  is  the  weight  in  lbs.  These 
equations  mean  that  if  the  data  for  k  and  w  be  plotted  on  squared  paper 
the  line  obtained  will  be  curved  near  the  origin  (to  k  =  25),  and  then 
straight  for  large  machines. 

On  the  assumption  that  the  output  of  a  set  of  similar  machines  varies 
with  the  cube  of  the  linear  dimensions  (i.e.  practically  with  tiie  weight). 
Dr.  Hopkinson  showed  that  the  electrical  efficiency  {see  page  515,  Vol.  I.) 
of  large  machines  would  be  greater  than  small  ones,  but  that  the  gross 
elticiency  would  not  show  a  corresponding  increase,  because  of  greater 
eddy  current  losses.  An  examination  of  actual  machines  shows  that  Dr. 
Hopkinson's  assumption  can  only  be  made  where  the  machines  compared 
are  strictly  similar,  the  larger  machines  being  run  at  a  lower  speed  of  rota- 
tion, so  as  to  avoid  danger  from  centrifugal  forces. 

Kapp,  on  the  assumption  that  the  speed  (revolutions  per  minute)  should 
vary  inversely  as  the  linear  dimensions,  and  that  the  temperature  rise  for 
a  long  run  was  to  be  the  same  in  all  the  machines,  showed  that  the  output 
would  vary  as  the  3jth  power  of  the  linear  dimensions,  or 

K  oc  r«  5, 

where  r  is  the  ratio  of  the  linear  dimensions  of  the  machines  compared. 

That  the  centrifugal  forces  per  unit  mass  should  be  the  same  at  the 
periphery  of  similar  revolving  bodies,  requires  tha..  the  speed  should  vary 
inversely  as  the  square  root  of  the  ratio  of  the  linear  dimensions.  On  the 
assumptions  that  these  centrifugal  forces  are  to  be  the  same  for  all  sizes  of 
machines  and  that  the  rise  of  temperature  at  full  load  is  also  to  be  the 
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..line,  thr  writer  finds  that  tlie  output  should  vary  witli  tlie  lulv  of  the 

iiu  ar  dimensions  -  tliat  is.  with  the  weight. 

Tiie  problem  is  simplified  if  we  confine  onr  attt  iitii>n  to  tlic  armature, 
lor  we  then  get  rid  of  the  variations  in  the  t\  pes  of  in  Id  ni,ii;n<  I-  u-<  d  to 
IModuce  a  f.;iven  mean  Hux  density  (B)  nndn  tlie  \»<l  <.  .11 -idi  i hi::  oiilv 
the  armature  and  the  speed,  SncU,  and  also  IisSi)n,  deduced  the  eciuation 

K  —  kh^-n  (I) 
AlKie  /  and  O  are  the  length  and  diameter  "f  tin-  arniatme  and  11  is  the 

pu  d.    The  valui'  of  k  was  found  to  be  o-ooooi  tor  ring-wound  armatures 

and  <J  ooooi5  for  drum-wound  armatures  if  /  and  »  be  measured  in  inches 

and    n  in    revolutions  per 

minute.    The  actual  value 

.  I  k  necessarily  depends  on 

ilie  Hux  density  in  the  gap, 

and  the  ratio  of  pole  arc  to 

pole  pitch. 

For  practical  purposes,  it 

is  usual   for  designers  to 

i  Miploythe  reciprocal  of  k  in 

tlie   above   formula,  which 

may  be  re-written 

,,     I    K        kilowatts,  . 

u-/  =  i  X    =K  X — —  (2) 

*    «          R.  p.  M.  ^  ' 

It  is  in  this  form  that  the 
nmltiplier  k  is  most  fre- 
ouently  known  as  the  output 
viificicnt :  though  nominally 
a  constant,  it  is  not  really 
so,  being  much  larger  for 
very  small  machines  than  for  big  multipolar  modern  dynamo^.  As  might 
be  exjH'cted  when  deduced  for  a  series  of  machines  of  tlu  >ame  t\pe. 
It  is  more  constant  than  when  found  for  machines  of  widely  different 
tyjK's,  but  even  in  the  former  case,  it  decreases  at  first  rapidly,  and  then 
gradually  as  the  size  increases.  For  instance,  in  a  certain  line  of  machines 
of  the  same  tyjH',  ic  fell  from  100,000  to  40,000  as  the  >ize  increase(l  fi^ni 
5  to  50  kilowatts,  after  which  the  fall  was  practically  regular,  the  value 
dropping  gradually  to  30,000  at  300  kilowatts. 

The  dejK'ntlence  of  the  output  coelYuient  k,  as  it  appears  in  t  ipnlirin  (i), 
on  the  size  of  the  machine  and  also  on  the  speetl  is  given  in  the  curves 
in  Fig.  which  is  taki  ii  fnnr.  a  paper  by  Messrs.  Hobart  and  lUlis,  which 
apjjeared  in  the  ELxirical  Review  in  1907.  The  output  coetlicients  are 
plotted  vertically,  and  the  rated  *  '\ts  horizontally.  The  vertical  scale 
must  be  multiplied  by  -0000x64  t<.  obtain  the  actual  coefficients  in  the 
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units  pri'vi()u>ly  used  in  connection  with  tHiuation  (i).  The  curves  show 
very  strikingly  how  the  increase  of  sixcil  diminishes  the  value  of  k 
(and  therefore  increases  the  value  of  k  in  equation  (2))  ;  they  also  givt 
more  recent  values  of  the  coefficients,  based  upon  standaid  modern 
practice. 

It  will  be  noticed  that  in  equation  (2)  the  left-hand  side  is  proportional 
tc  the  volume  of  the  armature,  and  if «:  were  really  a  constant  the  equation 

would  mean  tlial  tlic  outiiut  per  rt  voliition  is  i)r()])ortinnal  to  tlie  vuhinv 
of  the  ainiatiire,  wliit'ii  inav  tliui  forc  be  rc^ardid  as  the  basis  upon  which 
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founded  their  rules. 

How  n(  arly  this 
Condition  uf  pro- 
portionality is 
attained  in  practice 
can  be  gauged  from 
Fig.  194,  taken 
from  a  paper  by 
Messrs.  Macfarlane 
and  Burge,  read 
Ix'forc  the  Institu- 
tion of  Electrical 
Vjigineers  in  190S. 
The  abscissa."  <  ir 
horizontal  ordin- 
aif's  give  the  values 
of  D-  X  /,  and  the 
vertical  ordinates 
the  watts  (not  kilo- 
watts) per  revolu- 
tion  f)er  minute. 


The  upper  part  of  the  curve  is  fairly  straight,  but  *owards  the  origin  it 
bends  somewhat  sharply.  At  50  watts  per  revolution  liie  value  of  k  (equa- 
tion (2))  for  this  curve  works  out  at  30,000,  whilst  at  400  the  vjilue  is 
17,000.  The  data  for  the  curve  are  taken  from  small  square  pole-face 
niachinis  f)f  the  best  design  at  the  time  of  the  reading  of  the  paper. 

An  entirely  different  basis  is  taken  by  Steinmetz,  who,  neglecting  the 
speed,  uses  an  empirical  rule,  based  on  the  assumption  that  the  output  is 
proportional  to  the  cylindric  surface  of  the  armature  or 

D  X  /  =  T  K  (3) 

In  this  formula  the  constant  or  co-ethcient  a  is  known  as  the  Steinmetz 
output  coefficient.  The  physical  basis  is  obviously  that  the  cylindric  surface 
oi  the  armature,  being  the  principal  radiating  surface  for  getting  rid  of  the 
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tot 


t  at  generated,  and  thus  koi  pinj;  the  arinatiiro  codl,  and  fiirtlior  npanhng 
his  radiutt'd  heat  as  a  definite  percentage  of  the  kilowatt  load  on  the 
innature,  the  two  must  be  proportional  to  one  another  for  a  given  safe 
unit  (if  excess  tenijx'rature.  The  argument  further  implies  a  standard 
lux  densiu',  and  a  ncdKniM  il  ^af^'  pi  ripht  ial  siK-ed  for  the  armature,  as 
jned  does  not  directly  appear  in  the  formula. 

With  D  and  /  measured  in  inches,  and  K  in  kilowatts,  the  usual  value 
.1  rr  in  ('(iiLitiiin  (  ;)  is  simn  whcre  abuut  ;,  hut  f^r  rt  a  is  similar  to  those 
:ivea  for  the  variation  ot  the  output  coellicient  in  tiiuation  (j),  <r  varies 
lor  different  tvpes  and  sizes  from  about  2-.5  to  as  high  as  b  or  higher,  and 
ilure  niav  he  exceptional  cases  outside  these-  limits. 

In  icS(j>S,  Sumec  showed  that  the  output  w  in  watts  may  bi-  expressed 
by  the  formula 

_      »c  B  6  »»  (4) 

w  -  Yo'^ 

wliere  the  additional  symbols  introduced  are 

C  -  current  in  amperes  ix;r  centimetre  length  of  armature 
circumference. 

J        width  of  pole  face 

~     pitch  of  poles. 
I?y  the  "  pitch  "  of  the  poles  is  meant  the  linear  distance,  measured  along 
the  circle,  from  the  centre  of  a  pole  face  to  the  centre  of  the  next  jiole  face. 
In  this  formula  the  design  of  the  field  magnets  is  not  taken  into  account. 

KiicUs  of  Current  and  Volla<^c.—\t  will  Ix'  noticed  tha*  in  the  foregoing 
remarks  the  reference  is  to  the  output  in  kilowatts  only,  and  that  no  attempt 
is  made  to  distinguish  between  machines  giving  a  large  current  at  a  low 
liressnre  and  machines  giving  a  small  current  at  a  high  pressure.  This 
is  iK'cause  the  poiccr  reciuired  is  the  principal  (actor,  and  Ixcause  to  some 
extent  it  is  possible  to  winil  a  given  armature  carcase  with  many  small 
conductors  to  give  a  high  voltage,  or  with  a  small  number  of  heavy 
conductors  which  will  only  produce  a  low  voltage,  but  will  carry  safely  a 
much  heavier  current  than  in  the  former  case. 

In  extreme  cases,  where  the  currents  are  very  heavy  or  the  Noltagcs 
vt  ry  high,  modifications  are  rendered  necessary  by  difficulties  of  commu- 
tation or  of  insulation,  and  even  within  narrower  limits  some  differtnices  in 
design  are  advisable  ;  but  as  a  broad  rule  it  is  correct  to  say  that  it  is  the 
power  which  has  to  be  handled,  combined  with  the  speed,  which  fixes  the 
-ross  size  of  the  machine,  and  not  the  parfictilar  electrical  fonii  in  wliich 
that  power  is  to  be  delivered. 

There  is  one  way  of  increasing  the  outi>at  which,  at  fnst  sight,  appears 
to  offer  distinct  advantages.  Suppose  we  have  a  dynamo  designed  to  give 
a  certain  E.  M.  F.  and  current  at  a  certain  speed  with  a  given  magnetic 
tiux  through  the  armature  and  a  s{)edfited  number  uf  conductors  on  the 
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armature,  '\i  \vc  can  take  a  larger  current  from  the  machine  without  alter- 
ing any  of  these  quantities  we  shall  increase  the  output.  The  first  difficuUv 
to  b«'  nu  t  is  the  extra  luMtiiif,'  of  the  machine,  which,  if  ovt>r]o;i(U'd  in  tin 
way,  will  soon  ln'conio  dan^tTou^ly  hot.  To  reduce  tliis  it  will  be  necessary 
to  use  thicker  (or  radially  deeper)  conductors  on  the  armature,  and  to 
make  room  for  these  either  the  gap  space  must  be  widened  in  smooth  core 
machines  or  the  slots  deepened  in  toothed  armatures.  In  the  first  case 
tiie  wijeninf;  of  the  non-nia,t,'netic  gap  will  necessitate  increased  excitation 
and  l(jwer  the  efficiency,  but  more  serious  still,  because  of  the  increased 
ampere-turns  on  the  armature,  the  reactions  (%ee  page  loo)  will  be  increased, 
and  a  point  will  soon  bo  reached  at  which  sparkless  commutation  becomes 
nnpossiblc.  In  the  second  case  the  same  results  are  reached  in  a  slightly 
different  way.  The  deeper  burying  of  the  conductors  will  necessitate 
increased  excitation  if  the  coil  be  left  otherwise  unchanged,  and  the  rapidlv 
increasing  inductance  of  the  coils  short-circuited  on  the  coninuitator  will 
soon  render  sparkless  commutation  impossible.  Put  shortly,  therefore,  this 
apparently  simple  method  of  increasing  the  output  is  barred  both  by 
lower  efficiency  and  by  difficulties  of  commutation.  The  latter  point  is 
the  more  import  art  one. 

In  the  last  edition  of  this  book  [see  pages  830  and  831)  particulars  of 
over  seventy  machines  were  tabulated  to  enable  readers  to  gauge  how  far 
tlie  foregoing  formul.x  give  results  borne  out  by  practice.  The  curves  just 
given  (Figs.  193  and  194)  will  probably  Ix;  found  more  useful,  but  readers 
who  are  interested  in  the  development  of  the  subject  miglit  consult  the 
table,  as  there  are  included  in  it  machines  from  the  earliest  times  down 
to  the  machines  which  had  then  but  recently  come  into  use.  An  interesting 
feature  is  the  weights  per  kilowatt  of  the  armatures  of  the  machines  examined. 
For  many  and  very  diverse  examples  these  weights  ranged  from  about 
28  lbs.  to  36  lbs.  per  kilowatt,  whether  the  machine  were  multipolar  or 
bipolar,  or  whether  it  were  a  slow-speed  or  a  high-speed  dynamo,  turbo- 
dynamos  not  Ix-ing,  however,  included  in  the  table,  as  at  that  time  they 
were  comparatively  unimportant.  As  might  be  expected,  the  armature 
weight  per  kilowatt  was  fotmd  to  vary  within  narrower  limits  than  the 
gross  weight  per  kilowatt. 

Standardisation. — In  all  cases  where  great  numbers  of  similar  machines 
have  to  be  made,  the  cost  of  production  is  very  much  reduced  if  standard 
patterns  can  be  adopted  fv)r  the  various  sizes  required,  and  to  fulfil  the 
varied  conditions  under  which  the  machines  have  to  be  used.  It  is  there- 
fore the  aim  of  every  manufacturer  to  select  a  few  sizes  and  conditions — 
but  the  fewer  the  better — sufficient  to  satisfy  the  demands  of  his  customers, 
and  to  adapt  his  patterns,  tools,  jigs,  etc.,  to  the  iinxhiction  of  these  standard 
machines,  as  they  arc  called,  at  the  lowest  jiossible  cost.  In  the  design 
of  each  machine  the  best  manufacturers  make  as  many  of  the  parts  as 
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lossible  intorchangcablo,  thereby  Icsscninf;  not  (nily  the  fir>t  co^t.  but  the 
•ost  of  repairs  and  renewals,  and  it  is  somt  iiim  s  ix)ssible  to  make  some 
■  t  the  minor  p;irts  intt  iThaiii,'i;il'If,  not  only  between  machines  of  the 
.mic  >i/f  and  doii^n,  but  also  Ixtwiiu  machines  of  different  sizes  in  the 
,unc  "  line  "  of  ^t>uula^(li^:ltion. 

When  the  problem  of  dynamo  and  motor  design  is  attackeil  from  this 
;H)int  of  view  a  slight  examination  of  the  very  varied  conditions  of  output. 
[M  i  ll,  voltage,  and  current  which  are  deniamUd  by  ditU  ii  nt  um  r>  alnio-^t 
makes  the  designer  despair  of  any  real  advance  towards  st  in(Uuili>ation 
unless  the  users  agree  to  be  content  with  two  or  thm-  st  indaid  voltages 
mil  sptcds  as  being  applicable  to  large  sections  of  work,  liven  then, 
numbering  that  tlie  machines  nnir.t  Ix'  of  different  sizes,  the  number 
mI  different  "standards"  refpiirtd  is  greater  than  most  UMinifactiirers 
.vould  care  to  stock.  Mr.  Hobart  has  calculated  that  with  twelve  sizes 
iiom  2  to  75  H.  p.,  with  only  three  voltages,  with  two  speeds  (high  and  low), 
with  two  txpts  (open  and  enclosed),  and  the  orchnarv  Miits  and  shunt 
windings  usually  demanded,  360  different  ratings  would  be  re(iuired. 

In  considering  the  subject  of  standardisation  it  is  sometimes  assumed 
iliat  the  only  difference  that  need  be  made  between  machines  of  different 
voltage  for  the  same  output  is  in  the  cross-section  of  wire  to  be  wound  on 
the  armature,  and  probably  also  on  the  windings  of  the  lield-niagnet  coils, 
!o  give  the  sanu-  number  of  ampere-turns  with  the  altered  voltages  or 
runents.  Within  small  hmits  the  assumption  is  justifiable,  but  these  limits 
are  smaller  than  is  often  supposed. 

Thus,  as  the  voltage  is  pushed  liigher  and  higher,  the  number  of  com- 
nmtator  segments  must  be  increased  so  that  the  voltage  between  successive 
hars,  and  especially  the  inductance  per  section,  upon  which  sparklos 
running  depends' so  much— may  not  be  excessive.  But  sooner  or  later  a 
limit  in  the  increase  of  the  number  of  commutator  sections  will  be  reai  lied 
it  tlie  least  practicable  thickness  of  the  individual  bars,  lb  proceed  farther 
in  this  direction  would  then  necessitate  an  increase  in  tlie  diameter  of  the 
commutator,  which  might  involve  in  practice  the  designing  of  a  new  machine. 
Since,  however,  the  currents  diminish  for  the  same  output  in  the  same 
I'loportion  that  the  voltage  rises,  a  less  axial  length  of  commutator  will 
^ullice  for  the  narrower  or  less  numerous  brushes  wh'ch  can  be  umiI  .it 
high  voltages.  The  axial  length  thus  saved  on  the  commutator  can  be 
added  to  the  armature  wthout  altering  the  bed  plate,  pedestals,  bearings, 
or  shaft  of  the  machine.  This  increased  length  of  armature  will  in\dlve 
,1  corresponding  increase  in  the  axial  length  of  the  magnet  poles  and  fiauie, 
and  with  the  same  number  of  poles  the  f.ax  per  pole  will  be  increased, 
and  the  Voltage  will  therefore  Ix-  obtained  with  fewer  turns  per  section 
of  the  conuuutdtor  and  with  less  inductance. 

Other  considerations  point  in  the  same  direction,  so  that  we  reach  the 
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conclusion  that 
have  the  same 
Vdil. the  arr 
(stv  I-ii,'.  157),  w 
of  till-  aiinatiiic' 
and  that  of  the 
short. 

This  ix-nlt 
Vdcati'd  by  .Mr. 
to  whom  the 
and  i()7 
are  dui'.  In 
machine  is  for 
100  kilowatts 
t  i  o  n  s  per 
terminal  v.  n.'s 
and  550  volts 
each  machin 
pedestals,  bear- 
are  of  the  same 
also  are  the  dia- 
armature  and 
tor.  Whilst, 


machines  of  the  same  output  maj',  within  wide  limits 
over-all  dimensions,  but  that  for  larpe  currents  at  low 

ii.ilurr  should  be  axi,ill\-  >h(iil  .iml  the  coiiinuit.itur  loiu 
here.ir  U  :  small  currents  at  hiyh  vciltages  the  axial  length 
^    • .  ■-:"^^rr-r:--if—'i      should  be  loni; 

■    '  commutator 


is  stioiij^ly  ad- 
H.  .M.  Hobart, 
three  Figs.  195, 
illustratint;  it 
eacii  case  the 
an  output  of 
at  500  revo.^'- 
minute,  but  the 
are  115,  230, 
respectively.  In 
the  bed -plate, 
ings,  and  shaft 
dimenjions,  as 
meters  of  the 
the  commuta- 
however,  the 
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Fig.  195.— For  115  Veils,  870  Amperes. 
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Fi^;.  i>6— Fur  230  Volts,  ^35  Amperes. 


Fig.  157— For  550  Volts,  itt  Amperas. 
Oynamoi  of  the  Sooe  Output  but  of  Diffcmu  VuUag«a. 
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ixial  Icnfitl'  »-  f'""'"""!   "lu.ilmv  and  n.mmiitator  is  the  same 

-namely.  71-0  cms.— in  all  lluv  .mm-.,  tlii-  l.ni^th  i,  d.ll.i.ntiv  .iir'"- 
.„,n.,l  ti>  tin-  iNvn  pans  in  each  madiin.-.    In  l-ij:.  M5  tli.'  luit  maik.d  ] 
,  ;.)-3  an-.,    ai.d  the  lin?,'th  of  tho  cmnuitator  fac-  is  .U'S  1" 
Fii?'        when-  the  voltai^.-  1-  <inul.lr,l,  tluse  dinK  UMM,,,  .uv  47'"  -^.V" 
.■ospfctivcly.  whilst  in  l-i^.  i.,;  -^^  55o  volts  ihey  a.v  5.V0  and  i..  n  ems 
rhe  numlxTS  of  commutator  segments  in  the  three  cast  s  an-  4o,s.  4  .md 
S-o  whiKt  llie  nnnibnx  .,(  the  armature  condnetors  are  Ni(.,  )S(.4,  and  1,140. 
-iving  in  each  case  two  eonduet.ns  nr  nne  complete  turn  per  armature  seg- 
ment   The  same  armature  stampinu^  cannot  1..  u>ed  l..r  each  case,  as  the 
dots  differ  in  nunilx^r  and  size,  thuu^h  not  very  greatly.    .Mth.mgh  for  the 
.ame  variable  parts  the  patterns  are  not  i.lentical.  and  for  the  lowest- 
voltage  machine  the  number  <.f  poh>  is  increUM  .1,  Mr.  Ifobart  chums  that  with 
care  and  ingenuity  it  is  practicable  "to  arrange  to  u.,'  the  same  .Irawu.Ks 
and  substantially  the  same  patterns,  the  latter  Ix  int^  nr ant^ed  lor  six'cial 
modifications  by  being  extended  and  shortened  for  the  duiereiit  voltages. 

X.  TYPir.M    .\M)  SPFCIAL  M.\(  HIM-S 

In  the  preceding  parts  of  this  chapter,  and  in  tin-  earlier  volume  of  the 
book  a  number  of  ((.ntinuous  current  dynamos  of  many  different  types 
have  been  more  or  less  inllv  describe.l  and  used  1..  illustrate  the  numerous 
interesting  points  which  are  involved  in  the  design  and  cunstructum  of  a 
modern  machine.  It  is.  therefore,  not  necessary  to  devote  much  further 
space  to  the  description  of  comjil.'te  machines,  but  it  will  not  be  uninter- 
esting-in  conclusion  to  refer  briefly  to  one  or  two  recent  exampU'S  built  by 
well-known  manufacturere,  and  also  to  some  machines  built  for  special 

'  ' Modern  Continuous  Current  Machines.- Although,  as  already  ex. 

plained,  the  modern  tendencv  in  dynam.  •  iv.,.du.  tion  is  in  the  direction  of  large 
units  for  central  station  work  there  still  exists  a  demand  for  smaller  sets  of 
isolated  plant  for  use  where  no  public  supply  is  available.  Most  firms  of 
dynamo  builders  therefore  produce  comi>lete  sets  of  i-nme  movers  and 
generators  mounted  upon  a  single  bedpl.Ue.  These  sets  are  (luite  sell- 
contained  if  internal  combustion  engines  arc  used  as  prime  movers,  but 
svhere  steam  en^i.ies  are  emi^lo>ed  the  r.  v^sary  steam-raismg  l)lant  is 
required  in  addition.  1-rom  a  great  numlxr  of  available  examples  the 
following  are  selected. 

In  Fig.  i(>8  we  have  a  set  design(d  by  Messrs.  Cronipton  and  Co.,  in 
which  a  dynamo  is  driven  b\'  a  high-spe.-d  oil  engine,  and  which  is  there- 
fore quite  self-contained,  and  only  ie<|uirrs  to  brsuppli.  ,1  witli  the  lures-aiy 
fuel  in  the  form  of  suitable  mineral  oil.  The  set  when  running  at  Nio 
R  p  M.  is  capabU-  of  f-'iving  an  output  of  150  amperes  at  75  volts  or  11-25 
kilowatts.   Tlie  dynaino  is  a  four-pole  machine  of  Uie  type  of  wlucli  particu- 
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lars  havf  boon  pivon  in  other  parts  of  the  book  (see  pages  156  and  157) ; 
it  is  fitfid  witli  the  neat  brash  gear  fully  described  at  page  156,  and  is 
direct  coupled  to  theoil  enginc.one  of  wliose  hearings  is  ntilu^ed  to  support 
one  end  of  the  dwamo  shaft.  Between  tlie  two  machines  tlu  re  is  a  com- 
paratively lieavy  fly-wlieel  wlmse  fuin  tidn  is  to  rounterart  the  fluctuations 
of  the  speed  of  the  oil-engine  due  to  the  intermittent  character  of  its  im- 


Fig.  198.— Crompton't  S^-CgaOinti  Iii-Kilowau  Set. 


pulse.  This  fly-wheel  at  full  speed  stores  20,500  foot-pounds  of  energy. 
The  total  iloor  space  occui)ied  by  tJi'j  set  is  ()  it.  by  2  it.  8  in.,  and  the 
over-all  height  is  3  ft.  lo  in. 

For  the  same  output  in  kilowatts  the  machines  can  be  wound  for  various 
voltages  and  the  corresponding  currents,  the  standard  voltagis  being 
100,  135.  2-'o,  440,  and  500  \-olts.  The  1 35-volt  machine  is  specially  designed 
for  charging  batteries  on  a  loo-volt  installation,  and  it  will  work  in  parallel 
with  the  lxittcr>'  at  any  p.  d.  between  100  and  135  volts  without  cliangc 
of  speed,  the  voltage  regulation  being  obtained  by  a  resistance  in  tlie  field 
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(  xcitation  circuit.  When  mcd  for  hoa\'y  currrnt  work  at  corrrspoiwiingly 
lower  voltages  than  the  above  theannatures  are  wound  with  stranded  bars 


Y\i.  i9<3    Miiliii»>l,>r  Tiyn.irii  ..  51x1  Kiiow.^tti,  of  »h*  Socift*  Gfamm* 

and  cables,  the  strands  being  twstcd  with  a  short  lay  as  pre^'iously 
described,  thus  killin.Lr  the  ed.ly  currents  in  the  cojiper  {s,t  page  Co). 
Modern  MalUpolar  DynamM.— An  interesting  example  oi  a  niuilipolar 
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machine  btiilt  by  flic  historic  Socictc  flramnic  is  -.Imwn  in  I'l;,'.  ii)f(  which  rr 
pn^niiN  ;iiiia(  Miic  Liiill  to  i^i\<  300  kiliAvati-  at  1J5  u.  v.  m,  Tlio  machine 
h;iN  an  ixtcrnal  thaim  tir  of  1  j.S  inchi's,  the  dianieter  of  tiie  rotating  arniaturt 
bi'ing  c)«-5  inches.  The  armature  is  of  the  drum-wound  t\-]K\  and  has  th( 
(ondtK  tors  ])lai  (  (l  in  slots  in  wliicii  tluy  aic  he  ld  liy  iiardwi kmI  \v((lgcs, 
and  are  joined  to  one  anotiier  and  the  conumitator  ni  the  usnal  way.  Thi 
commutator  itself  is  49  indies  in  diameter,  and  fc  carried  by  a  substantial 

S|ii(Itl,    krVl-d  I. 

the  sliatt  and  in 
one  piece  with  the 
armature  spider. 
The  brush  gear 
and  rigging  are 
carried  by  si.\ 
substantial  brass 
bratlrets  .it (ached 
to  file  yoke  ring 
of  tlie  machine, 
and  supporting  a 
fixed  ring,  which 
grips  at  six  ]ila(  <  s 
the  inner  rings, 
which  can  be  ro- 

tated  by  the 
screw  aiul  liand 
wheel  seen  at  the 
side.  These  ad- 
justable rings 
carry  the"  twelve 
collectors,  each  of 
which  in  its  turn 
carries  the  cail)<)ii 
brushes.  Tlie 

total  current  is  2,000  amperes  at  250  volts,  which  gives  355  amperes 
per  collector,  or  not  more  than  50  amperes  per  square  inch  of  section 
in  the  brushes. 

Tlic  multiixilar  dynamo  shown  in  Fig.  200*  is  an  interesting  and  now 
historical  example  of  the  development  of  a  particular  tj-pe.  It  was  built 
in  i8<K)  by  the  Siemens  and  Halske  Company  of  America  for  the  West 
("liicagii  Street  Railway  Comiiany  to  ccjiiip  fnrtlier  a  station  in  wliicli  the 
earlier  machines  were  similar  to  the  machine  shown  in  Fig.  511  (Vol.  I.)  in  the 
historical  section.  In  both  machines  the  revolving  armature  is  external 
•  From  tlje  Strttt  Kaihray  Jmmaloi  New  York,  Vol.  XV.,  page  429  (1899). 


Fig.  m.— Multipolar  Oyiuuno,  i,]ao  KiknrUii,  with  External  Amiatiira. 
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In  the  fixrd  fit-Id  maqnet^.  and  in  llip  cailii  r  inarliiius  the  i  xtomal  wirr* 
.>f  the  ring-wnnnd  annature  wrif  usnl  for  coiiimni.itiJi  Imi-;.  ('wing  to 
ilif  high  spml  of  the  outer  periphery  of  the  armature,  wimh  in  Fig.  511 
IS  3,300  feet  per  minute,  difficulty  was  experienced  in  k-Ki  ing  the  bare 
in  position,  as  the  method  of  construction  did  not  permit  the  usual  binding 


m.— i,oeo-Kilcnnn  'Oftamo  of  Ihe  iMerMtional  Khctrical  Enjinnring  Campany. 


wires,  and,  therefore,  in  the  later  machines  a  separate  commutator  of  less 

dianu'tcr  than  the  armature  has  been  provided.  The  modification  involves 
the  bringing  of  numerous  connections  down  from  the  armature  to  the  com- 
mutator lugs,  and  these  ocmnections  can  be  seen  in  the  figure  grouped  in 
bunches  where  they  pass  over  the  driving  spider  between  tlie  end;',  of  the 
(jun-metal  driving  arms.  The  change  thus  rendered  it  possible  to  run 
binding  wires  round  the  armatturc  to  assist  in  keeping  ihe  conductors  in 
place.  The  dynamo  was  designed  to  develop  1,500  kilowatts,  or  2,700 
66 
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aiii|>rn  ->  at  "iS"  v'lis  at  a  spi  ed  of  75  K.  p.  M. ;  the  outside  diameter  of  tho 
aiiii.iiiiK  w.i-  14  I. ft,  ami  the  shad  2.S  im  lio  in  diaineter  at  thespitltr  an.! 
a  iiii  lu>  at  tlu'  Ixarings,  which  were  46  incht-s  long.  Td  sttatly  the  engim 
uniUr  tlif  sudden  changw  of  load  met  with  in  tramway  w«wk,  a  flywluil 
weighing  80  tons  was  mounted  on  the  shaft 


r%.  m.— Crompion  7so-lUlow*u  Dynamo  (Sm  also  Phi*  III,). 

The  conipletod  dynanin,  the  armature  of  wliicli  was  shown  in  process 
of  construction  in  Fig.  70,  is  illustrated  in  Fig.  2ui.  It  is  a  dyn;inn>  lou- 
struct«l  by  the  International  Electrical  Engineering  Company  for  the 
Brussils  Ctiitral  statinn.  and  is  doif^'ncd  to  pivc  an  ()Ul]mt  of  i.ooo  kil  - 
watts  or  J.S5(y  ampip-s  at  2'"'  volts  when  runnintr  at  a  spci'd  of  ';.  i'. 
whi<  li  is  the  sju-wl  of  the  Van  der  Kerchove  engine  by  wliii  li  it  is  di'M : 
The  machine  has  an  over-all  diameter  of  165  inches,  wlxilst  the  diamettii 
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if  the  iirmafiiiT  ami  ( omtrmt.it, t  nrr  iiS-  and  04'5  inrli'  --  r<'<;p<'''tiV' ly, 
the  pcriplH'ral  sprcds  b,  hil;  ^-u,,  .ind  -M7U  feet  |ht  niinutf.  Tl^  i'-  -ni  iS 
pnlt-s,  and  tadi  nf  tin-  iS  l>ni>.li  linhhrs  carru'S  ninr  railxm  luu-hi^,  of 
wliiili  thcrffi)re  there  are  162  altngcther.  each  r<>ll»«tini;  on  an  average 
about  23  amperes.    The  total  number  of  aimature  oun  ui  tors  (s«r  Fig. 


Kii!.  203.— C.ixkcr  W!]ri- tr  ,<jKilowatl  Djn.mii. 


70)  is  1,440,  or  So  to  each  polo.  The  total  weight  nf  the  madiine  is 
',4  5  tons.  The  armature  weighs  15  tons,  hut  in  machines  thus  driven 
(lim-tly  I'V  \v-]H-i'd  t  nginrs  it  i-  abs.  iutily  nrccssary  t<>  <ni[>lMy  a 
flywl-.rf].  as  l!u'  sluwly-moving  an  iiiiiiie  \\-\^  not  Mil'iticnt  nut-s  at  tlu>f 
low  sjweds  to  store  the  necessary  kinetic  enerjiW 

A  large  modem  miiltipolar  machine  built  by  Messrs.  Croniptun  and 
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Co.  is  shown  in  Fig.  202,  and  fuller  details  are  given  in  Plate  III.,  to  which 
reference  has  been  made  ebewhere.   It  has  ten  poles,  and  is  designed  for 

an  output  (.f  1,650  amperes  at  450  volts,  at  250  R.  P.  M.,  but  can  be  loaded 
up  to  900  kilowatts  without  overheating.  The  magnet  yoke  ring  is  of  steel, 
and  has  an  over-all  diameter  of  10  ft.  4  in.,  whilst  the  pole  faces  are 
bored  to  a  diameter  of  6  feet.  Full  particulars  of  the  armature  will  be  found 
on  page  85  and  of  the  brush  gear  on  page  155.  The  bearing,  details  of  which 
can  be  dearly  seen  in  Hate  III.,  is  self-oiling,  and  has  a  diameter  of  8  inches, 


Fi(.  104.— CnoipMi  SonD  Lew-Vohai*  Dyauw  8* 


the  bush  being  of  cast-iron  lined  with  white  metal.  The  complete  armature 

weighs  8  tons,  and  the  whole  inacliiiie  21  tons. 

As  a  further  example  of  a  modern  continuous  current  generator.  Fig. 
204  depicts  a  900-K.  w.  machine,  built  by  the  Crocker-Wheeler  Company 
of  New  Jersey.  It  is  dcsitriud  to  pvo  an  output  of  3,750  amperes  at  240 
volts,  when  running  at  a  speed  of  lOo  r.  p.  m.  The  machine  has  twelve 
poles,  its  armature,  weighing  11-4  tons,  being  87  inches  and  its  yoke 
ring  148  inches  in  diameter.  It  is  interesting  to  compare  this  specimen 
of  American  practice  with  the  preceding  machine  of  the  same  total  safe 
output  \ts  a  well-known  English  firm,  but  in  mdcing  the  comparison  it 
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must  be  remembered  that  although  both  machines  give  the  same  total 
output,  the  English  machine  runs  at  a  higher  sp«  id  and  gives  current  at 
450  volts  as  against  the  240  volts  ot  the  American  machine.  The  latter 
has  therefore  to  handle  double  the  current  of  the  former,  a  fact  which  should 
be  kept  in  mind  in  comparing  the  commutators  and  the  brush  gear.  Both 
machines  are  provided  with  interpoles,  but  there  are  many  interesting 
differences  in  details  of  design  which  the  reader  should  note.  Ihe  light 
wheel  with  six  spokes  shown  outside  the  bearing  of  the  American  machme 
is  part  of  a  sixed-indicating  arrangement  used  when  testing  the  machines. 
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Dynamos  for  Electrolytic  Work.-For  electro-chemical,  electro- 

nictallurL'ical,  and  for  electrolytic  work  generally,  electrical  energy  is  re- 
quired in  the  form  of  heavy  currents  at  low  voUage.  This  requirement 
as  has  been  already  pointed  out  more  than  once,  modifies  the  design  ot 
the  machine,  more  especially  on  account  of  the  arrangments  required 
for  commuting  the  heavy  currents  which  have  to  be  handled.  On  page  15b 
attention  has  been  drawn  to  the  great  increase  in  the  length  of  the  com- 
mutator  as  compared  with  the  axial  length  of  the  armature  m  a  machme 
built  by  Messra.  Crompton  and  Co..  Limited,  for  heavy  currents  at  a  low 
voltage,  the  output  being  3.000  amperes  at  2  to  8  volts,  or  about  400  amperes 
per  wit.  A  machine  ia  which  the  voltage  is  still  lower  is  shown  ui  Fig. 
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204,  wliich  represents  a  six-pole  dynamo  constnicted  by  the  same  firm  to 
give  3,000  amperes  at  i  to  4  volts,  or  over  800  amperes  per  volt,  when 
mil  at  a  speed  of  400  r.  i>.  m.  If  ro(]uired  the  dynamo  can  be  overloaded 
to  tlie  extent  of  givinfj  4,0(10  amperes  for  one  hour  without  damaging  the 
machine.  The  chief  interest  centres  in  the  connnutator  and  the  brushes, 
the  arrangement  of  the  latter  being  clearly  shown  in  the  figure.  For  reasons 
previously  given  the  machine  is  not  self-exciting,  an  exciting  current  of  8-6 
amperes  at  100  volts  being  taken  from  the  supply  mains  which  convey 
energy  to  the  driviiit,'  motor.     This  provides  an  excitation  of  4,200  ampere- 


Fig.  (lA— W<>iiaglMitn  DgublfC'oimmnaioc  Ktmamm  fat  Kltetralytfc  Wsck 

turns  per  pole,  and  it  will  be  notic»'d  that  the  energy  used  in  the  field-magnet 
circuit  is  only  7  3  per  cent,  of  the  full  load  output  of  the  machine.  The 
heaxy  flexibles  by  which  the  current  is  carried  to  the  terminals  and  the 
massiv<'  character  of  the  latter  should  be  specially  noted. 

A  still  larger  machine,  though  of  somewhat  older  pattern,  built  by  the 
same  firm,  for  electro-chemical  work,  is  shown  in  Fig.  205.  This  machine 
has  an  output  of  75  kilowatts,  giving  3,000  amperes  at  25  volts,  or  120 
amperes  per  volt,  a  lower  ratio  than  in  the  smaller  machines  just  describod. 
In  this  case  the  dynamo  has  four  poles,  and  therefore  four  sets  of  col- 
lecting brushes,  each  consisting  of  six  copper  brushes.  At  full  load  each 
of  these  brushes  tnmsmits  a  cturent  of  250  amperes,  the  total  current  per 
set  being  1,500  amperes,  which  is  carried  direct,  collecting  rings  being  dis- 
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pcnsed  with,  by  six  heavy  flexibli-i  to  the  masMvt-  t.  iininal  blocks  at  the 
side,  where  the  brushes  of  similar  polarity  arc  paralKKd.  Th.-  arinatiuf 
alx.ut  v>  i'lflus  in  diaimti  r,  ami  has  asniooth  core  ;  it  is  wound  with  two 
windings,  lach  consisting  of  (>4  conductoi-s,  made  of  No.  l8  wire  m  117 
strands,  twisted  and  coniprisscd  to  a  rectangular  s.rlion.  Tins  givis  a 
current  density  of  1,700  amperes  per  square  inch  in  the  cupper,  which  is  nut 
.  xcpssive.   The  machine  is  self-excited. 


■■^J^J|!S^!ri^Tn!l,lc.Con.muUtor  4,<«>  Amp«r«,  to»  Vdia«e  Dyoaiwfc 

One  device  which  is  employed  to  meet  the  difficulty  of  the  long  length 
of  commutator  required  for  the  collection  of  these  heavy  currents  is  to 
bnil.l  the  armature  with  two  commutators,  one  at  each  end.  and  to  vs  nd 
,1,0  machine  with  two  separate  but  interleaved  cucuits.  '^ch  connected 
,0  one  of  these  commutators.  An  example  is  given  m  Figs.  ao6  and 
which  show  respectively  the  armature  and  a  complete  machine  of  this 
type  built  by  the  British  Westinghouse  Company.  The  dynanm  is  m- 
e^ded  to  give  an  output  of  4.000  amperes  at  90  volts  or  360  falowatU 
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at  a  speed  of  250  r.  p.  m.  It  stands  99  inches  high,  is  91  inches  wide,  and 
the  shaft  from  the  outside  of  the  bearing  at  one  end  to  the  coupling  flange 

at  tliL-  other  is  120  inches  long.  There  are  twelve  poles,  and  the  bnish 
gear  is  of  the  same  design  as  that  which  has  already  been  described  at 
page  164  (Fig.  163).  In  that  case  the  brushes  had  to  collect  4  250  amperes 
on  a  single  commutator,  and  there  were  16  sets  of  8  brushes  each,  or  128 
brushes  in  all.   In  this  case  each  commutator  deals  with  2.0UO  amperes 


Fig.  3ot.— Eddy  Doubfe-ComanUtar  Dynamo,  4,500  Ampm  M  n  Vdlft 

only,  and  the  brushes  are  reduced  to  12  sets  of  5  brushes  each,  making 
60  brushes  for  each  comnmtator,  or  120  brushes  in  all.  The  number  of 
individual  brushes  is  therefore  nearly  the  same  in  the  two  cases.  Hut 
in  the  present  case  the  machine  has  less  than  one-half  the  output  in  kilo- 
watts, though  the  amperage  is  nearly  the  same,  and  therefore  it  is  smaller 
than  the  previous  machine,  and  has  a  commutator  correspondingly  smaller 
in  iliiimeter.  To  place  the  120  brushes  on  this  smaller  commutator  would 
have  necessitatetl  lengthening  it  to  make  room  for  10  brushes  per  set, 
and  the  rods  of  the  collecton,  already  s(»newhat  k>ng  in  Fig.  163,  would 
have  b«come  excessively  long  and  dunuy.   Hence  the  desirainlity  of  in- 
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curring  the  expense  of  an  additional  conmiutator  with  its  separate  brushes 
and  brush  gear. 

Another  t  xaiiijil'-'  of  a  (loulili>  Cdmiiiutator  dynamo  is  ijivcn  in  l-ij;.  2118, 
which  represents  a  oo  kilowatt  dyiKuno  buiU  by  thf  Kildy  1-Uctric 
Manufacturing  Company,  and  designed  to  i.ive  4,500  ampiii>  at  20  vohs 
for  electrolytic  work.  ICach  comnuitator,  therefore,  dealt  with  a  total 
current  of  2,250  amperes,  or  112-5  ampins  per  volt.  The  machine  had 
eight  poles  only,  and  aiiaiiyt  uimts  had  to  be  mad-'  to  colhct  the  4.5"o 
amperes  on  commutatore  of  still  smaller  diameter  than  those  last  dcs(  i  d;t  il, 
which  had  to  deal  with  only  22  amperes  per  volt.  Copper  brusht  s  wt  re 
usod,  caili  brush  bi  iiig  capable  of  canying  a  largoi  current  than  could  be 
collected  by  a  car  bon  brush  ot  tlie  same  width,    liach  brush  holder  carried 


Vlf.  •09.— Lov-VoImk*  ii'5-Kilow*tt  Dynwno,  (tving  t,s<ie  Amptras  *t  ^     r.  M. 


6  brushes,  and  as  there  were  16  brush  holders  on  tlie  two  commutators 
the  total  number  of  brushes  was  96,  which  works  out  to  04  amperes  per 
brush  at  full  load  as  against  66  amperes  per  brush  in  tlic  previous  ca;  • 

Tlie  brush  gear,  insti  id  of  being  supported  from  the  yoke  ring,  cts  in 
the  preceding  examples,  was  in  this  case  carried  by  the  pedestal.  From 
the  collecting  rings  the  current  was  led  by  heavy  flexible  cables  to  large 
terminals  fixed  to  the  yoke  rin7  of  the  machine.  Kach  commutator  had 
its  own  separate  terminals,  one  on  either  side  of  the  machine,  and  it  w;is 
therefore  possible  to  connect  the  two  armatures  in  parallel  to  give  4,500 
amperes  at  20  volts,  or  in  series  to  give  2,250  amperes  at  40  volts. 
Further,  for  distribution  to  the  baths  the  armature  could  be  connected  to 
a  three-wire  system,  from  which  currents  at  .;o  or  40  volts  could  be  drawn, 
as  might  be  required.  In  this  way  a  very  appreciable  saving  in  the  cost 
of  the  distributing  conductors  was  realised. 

In  these  machines  the  armatures  are  slotted  and  bar  wound,  and  the 
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ficlil  inafincts  for  the  larger  sizes  arc  separately  excited.  This  plan  of 
stparati-  txcitatinn,  as  explained  abf>ve,  is  found  advantageous  for  low- 
voltage  work  with  large  machines,  for  the  magnetising  coils— which,  it 
must  be  remembered,  have  to  be  shunt  coils  in  self-exciting  electrolytic 
machines — can  be  wound  with  conductors  of  more  manageable  size  than 
would  be  ri  (iuired  if  tluy  had  to  be  energised  with  currents  at  the  low- 
vultage  of  the  machine.  The  regulation  of  the  voltage  by  a  rhe(»tat  is  also 
more  conveniently  attained. 


Fig.  fio— I«»-Volt«ge  45  KiI.)watt  Dynanio,  givinj!  3,000  Amtieres  at  725  *  P.M. 


The  use  of  two  commutators  for  the  collection  of  heavy  currents  is  not 
confined  to  large  machines,  but  is  employed  in  machines  having  quite  a 
niiHlist  output.  For  instance  Fig.  209  siiows  a  standard  macliinc  built 
by  the  Union  Electric  Company,  Limited,  of  London,  for  an  output  of 
I2-5  kilowatts,  2,500  amperes  at  5  volts,  when  running  at  970  r.p.m.  The 
machine  is  a  four-polc  machine,  provided  with  interpoles,  and  the  two  com- 
mutators arc  connected  in  parallel  with  the  •»|-'*  and  — "  terminals  on 
opposite  sides  of  the  machine.  Each  commutator  takes  charge  of  two 
distinct  windings  with  commutator  segments,  interleaved  as  previously 
explained  {sec  page  126).  The  outside  diameters  of  the  aruiature  and 
commutator  are  u-8  in.  and  9-45  in.  respectively. 
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The  brushi's  shown  are  iiiadf  ot  ;i  sin  cially  iir.  pai.d  soft  nu  tal  ami  aio 
arranged  five  in  parallel  on  each  olUctor  bar;  th«'refore  at  full  luail 
.  aril  brush  slu.iild  caii  v  a  i  itiivnt  of  125  amperes,  hence  the  necessity  for 
u>ing  metal  in>teail  <:(  caiboii. 

Tlie  machine  illustrated  is  intended  to  b  m  () natt  ly  1  xi  ited  by  the 
lii-her  voltaf,'e  current  of  the  driving  motor,  and  the  terminals  of  the  exciting 
eui  it  nt  c  an  Ix'  seen  just  above  the  main  terminals.  If  the  machine  is  not 
tn  Ix>  ekctrically  driven  or  if  the  driving;  inotnr  lie  a  M  lf-«>xcited  alti  inate 
current  motor  the  exciting  current  would  be  taken  on  shunt  from  one  of 
the  commutators.  The  interpoles  are  excited  by  series  currents  taken 
from  the  coninuitators,  one  half  the  poles  bein^  excited  from  one  commutator 
and  the  other  half  from  the  other.  The  bed-plate  of  the  luacliine  covers  a 
floor  space  of  5  ft.  I  in.  by  2  ft.  in.,  and  the  machine  i-;  yyb  in.  liii;li. 
l  he  ample  oil  wells  in  the  pedestals  enable  it  to  be  run  for  long  ix;riods 
with  very  little  attention. 

As  a  final  example  of  heavy-current  low-voltage  marliiiies  and  .dso  as 
illustrating,  when  a  single  commutator  is  used,  the  apparently  inordmate 
axial  length  of  the  commutator  as  compared  with  that  of  the  armature 
or  field  magnets,  Imk'.  210  depicts  a  45-kilowatt  machine  built  'ly  the  Electric 
and  Mechanical  Induslrial  Company  of  Geneva.  This  machine  has  a  hill 
load  output  of  3,00c  amperes  at  from  3  to  15  volts  when  running  at  725  k.p.m. 
The  machine,  as  in  some  of  the  previous  cases,  is  separately  excited,  the 
terminals  of  the  held  mafiiiet  circuit  being  clearly  visible  at  A.  There  arc 
ten  magnet  jwles,  and  as  the  mai  tiine  was  built  to  he  driven  !>>  a  soo-volt 
motor,  the  exciting  coils  have  been  wound  to  be  excited  from  the  supply 
mains  at  a  pressure  of  500  volts.  The  brush  gear  and  rigging  arc  somewhat 
ilifferent  from  English  and  American  jMractice,  but  space  will  not  permit 
us  to  enter  into  details. 

In  connection  with  heavy-current  machmes  it  is  interesting  to  note 
the  limits  that  have  been  reached  in  the  output  of  current  from  single 
commutators  as  compared  with  the  size  of  the  machine.  For  this  purpose 
the  number  of  amperes  per  volt  fonns  a  convenient  standard  of  reference, 
but  it  must  be  remembered  that  for  the  same  output  this  ratio  will 
vary  invereely  as  the  square  of  the  voltage.  The  highest  figure  given  by 
the  machines  above  described  is  1,000  amperes  per  volt. 


CHAPTER  II 


ALTERNATORS 

Im  Volume  I.  the  elementary  principles  of  alternate  current  working 

Ikivc  hocn  cniTiidfit'd,  and  on  paijcs  534  to  a  few  of  the  early  and 
now  historiial  forms  of  alternators  liavo  hciu  described.  More  recently, 
partly  for  the  reasons  given  in  the  rhapter  on  the  Electric  Transmission 
of  Power  (Chapter  XV.,  Vol.  I.),  the  production  of  alternate  current 
machinery,  both  single  and  jK)lypliase,  of  all  kinds  developed  rapidly, 
and  such  niai  liinery  now  plays  a  very  iniixirtant  part  in  electrical  engineer- 
ing. In  this  chapter  it  is  proposed  to  deal,  so  far  as  space  will  permit, 
with  the  design  and  construction  of  modem  alternate  current  generators 
or  alternators,  as,  they  are  briefly  callrd. 

In  regard  to  the  sizes  of  the  machines,  similar  remarks  to  those  made 
in  the  introductory  paragraphs  (pages  3  and  4)  of  the  chapter  on  con- 
tinuous current  machines  apply  to  alternators,  for  the  same  causes  have 
operated  in  both  cases.  These  causes  need  not  therefore  be  recapitulated 
lure,  and  we  need  only  add  that  they  apply  more  strongly  in  the 
machines  now  to  be  considered  which,  for  reasons  which  will  appear  in 
the  sequel,  can  be  built  more  readily  in  large  units  than  their  con- 
tinuous current  competitors. 

As  in  the  case  of  continuous  current  dynamos,  various  methods  of 
classification  are  available.  The  suppression  of  the  commutator  makes 
it  possible  to  fix  either  the  field  magnets  or  the  armature,  and,  indeed, 
in  certain  machines  both  these  are  fi.xed.  We  may  therefore,  in  the  first 
place,  classify  .^lternators  as  follows  : — 

{a)  Machines  with  fixed  field  magnets  and  rotating  armatures. 

(b)  Machines  with  fixed  armatures  and  rotating  field  magnets. 

(c)  Inductor  marhines  with  fixed  armatures  and  exciting  coils, 

but  with  part  of  the  magnetic  circuit  revolving. 
Almost  without  exception,  modem  alternators  have  multipolar  field 
magnets,  and  therefore  the  number  of  poles  docs  not  yield  a  convenient 
b.isis  for  classification.  There  are,  however,  two  chief  methods  of  exciting 
the  multiix)lar  fields  of  modern  machines  which  so  profoundly  affect  the 
design  that  they  may  be  adopted  as  an  alternative  basis  of  classification, 
and  there  are  from  this  point  of  view  the  follow  ing  ilistinct  types  : — 

(i.)  Alternators  with  an  exciting  coil  for  each  pole  of  the  field 

magnet,  or  having  a  midticoil  excitation  : 
(ii.)  Alternators  with  tlieir  fields  excited  by  a  single  magnetising 
coil,  or  having  a  monocoil  exdtatiom 
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Since  tin-  last  edition  of  tlii>  Ix-'k  the  rapid  .lovelopment  of  the  steam 
turbine  makes  a  third  mcthu.l  ..l  .  l  i^Mtu  ation  i«.--ihl.'  .md  d.Mnd.le,  the 
details  of  construction  by  which  (a)  slow-^i-ccd  and       hii;li-si«.rd,  <>r  as 


they  are  called,  turbo-,  alternators  differ  from  one  another  being  quite 
sufficiently  marked  to  form  a       1  '^.i.  for  rlxs^ilkation. 

For  convenience,  when  dealint;  with  continuous  current  niachmcs,  the 
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field- magnet  part  of  the  magnetic  circuit  was  treated,  to  some  extent, 
separately  from  the  armature  part ;  but  with  alternators  it  will  he  more 

a(lvant;if,'cniis  to  consiiUT  the  whole  circuit  at  one  and  tlie  same  time, 
tli(>iif,'li  it  will  still  he  well  to  adopt  the  details  of  the  lKld-maf;net  part 
as  a  basis  for  classification  in  accordance  with  the  system  indicated 
in  divisions  (i.)  and  (ii.)  above. 


I. — COMPLETE  MACHINES 

Hefore  entering  ujK)n  details,  a  few  illustrations  of  complete  machines 
will  be  given.  Tbs  machines  selected  belong,  almost  exclusively,  to  the 


FiR.  all.— Dick,  Kerr  4,noo-KiIowall  Two  Plia-vc  Alltrnaror  (itfo  «.  \\  m.). 


multipolar,  rotating-magnct  type.  This  method  of  construction  is  now 
so  general  that  it  is  difficult  to  make  a  selection  from  the  numerous 
examples  availahle,  and  therefore  no  conclusions  as  to  siH?cial  ex- 
cellence or  otherwise  must  be  drawn  either  from  the  inclusion  or  exclusion 
of  particular  mr  chines.  It  will  be  convetiient  to  describe  "  slow-speed  " 
alternators  first,  and  then  separately  "  high-speed,"  or  "  turlv)-,"  alter- 
nators.   Full  details  of  some  of  these  machines  will  be  given  later. 

Sloicf-Sfiffd  Aifcrnalors.—'Thv  first  example  (Fig.  211)  is  one  of  the 
standard  t\'\M^  of  alternators  built  l)y  the  firm  of  Mc-srs.  rronijitfui  and 
Co.,  Limited.  The  machine  illustrated  is  a  three-phase  alternator  having 
an  output  of  600  k.  v.  a.  (kilovolt-amperes)  at  2,000  volts  when  run  at  a 
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sjiccd  of  300  K.  P.  M.  Till-  cv.ntiiuit.us  cuncnt  cxritir  Is  rarriod  on  an  ex- 
tension of  the  l)cd-plate,  the  two  shafts  iH-iiig  ((.upl.tl  luptlin  and 
arranged  for  direct  coupling  to  a  high-sjwed  engine.  Tlie  nuuhim-  has 
20  ix)lcs.  and  therefore  the  current  produced  at  the  ab«»vc  sin-ed  has 
a  iHjriodirity  of  50  O).  The  ri>tor  li.is  a  diaimtir  of  fx)  iii.ht-.  tlie 
core  being  20  inches  long,  and  the  Iwd-plate  nuasun-.  m  ft.  >>  111.  hy 
9  ft.  3  In. 

.\  much  larger  alternator  of  the  sanie  general  t>Tx\  but  having  an  out- 
put of  4,000  kilowatts,  is  shown  in  Fig.  212.  whidi  givc-s  a  picttirc  of  a 
8low.si)eed  alternator  constructed  by  M.  >sis.  Di.  k,  Km  an<l  (  "..  l.iinit<  d. 
Tlie  machine  is  a  two-phase,  ao-pole  machine,  giving  in  each  phase, 
when    run    at  180 
K.  V.  M.,  a  current  of 
850  amperes  at  2,200 
volts,   30    t\i,  and 
unit    power  far- 
tor.    Tlie  bed-plate, 
on  which  there  b  no 
arrangement    for  a 
separate    exciter,  is 
12  ft.  7  in.  wide  by 
20  ft.  long,  and  tlie 
rotating  field  magnets 
carried  on  the  rim  of 
a  five-arm  flywheel 
have  an  overall  dia- 
meter of  178  inches.  — li^^ii^^ — 

The     figure      clearly  kIk.  j.i  -Hruce  Pcrl.l«  fe  KUowu  SinRle  i.»««  AIt«fn«to.  (480  ».  r.  »•.». 

shi  ws    the    massive  . 
coupling-plate  by  which  the  shaft  is  to  be  coupled   •>  the  driving  engine 
for  the  transmission  of  the  enormous  power  d.  alt  witli. 

The  next  example  (^i^-.  213)  is  a  r.-pe-driven  thrce-beanng  alternator 
cmstructed  by  Messrs.  ilruce  Peebles  and  Co.,  Limited.  This  machine  ,s 
designed  for  an  output  of  60  kilowatts  (loo  k.  v.  a  )  Mn^le-i>haM-  at  2V< 
volts  and  if,o  ryj  when  run  at  a  speed  of  480  R.  p.  M.  being  a  much  smaller 
machine  it  differs  mechanically  from  the  machine  illustrated  m  Fig.  211 
in  several  respects,  more  particularly  in  the  active  part  of  the  machine 
iKing  axiaUy  much  shorter  and  in  its  shaft  being  raise.l  nlativ.ly  much 
higher  above  the  bod-plate.  This  necessitates  the  separate  .  xdter  being 
carried  .m  a  ixu'.-.a  of  the  bed-plate  raise.l  sufficiently  high  to  bring  the 
two  shafts  into  hne.  The  whole  arrangement  is  very  neat  for  a  machine  with 
this  output  and  speed,  at  which  to  give  the  high  pcriwliaty  named  it  is 
necessary  that  there  should  be  40  pok&i 
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A  m.Kliine  with  an  appearance  very  (lificrrnt  ir  t.i  Ih      if^qoii^  fc 
<  shown  in  Fig.  ai4.  It  is  a  zo-pole  Ht^mes-Clayton  tUi< c  pttasi  AxeaiaA<a$t 


Fig.  <I4'— Holmn  CbjrtOD  loo-Kilowatt  Thrw  jthue  Alternator  ('oo  R.  r.  k.)> 


I?    1  designed  and  t»nstructcd  by  Messrs.  J.  H.  Hohms  and  Co.,  and  intended 

to  give  an  output  of  luo  kilowatts  (122  k.  v.  a.)  at  363  \  tts  per  ptiase  and 
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F\tu!  'F\       S.',tH'-Sr.'H'  .1     '  XI-  -*5 

fv,  vvKni  iMH  ,it  ;v  -p.  .  .1  "I  (    .  K.  r    •      1              j<i.      lin.  -  •. 

"the  lifiyUl  of  fli.  Mi;ift  lU'ft-sMl     -  tlir  1..  !  I'l  ■  Ih'Iii^  '    -  li  ' 

till- ("lUiniii'M^  .  11!  •  <'\(  it«T,  wli'ili  in  till-  r.i  U  rami  "n  i- 
iiiu  lir.i.  ki  t  .  i-t  III  '.p.-  j(U(0  Willi  ihc  l>.  il-i)l.i       l'nlik»-  -hr  ■ 

machiiK-,  howt-vcr,  the  driving  p\ill.  y  i-  .  nmIuu  .  Uiti«'  1"  ii'k  i  u- 


.  trl.  jl  Company  *  i  o-K.»-.*.  AI;Miiai.»    (171  b.  r.  M.) 


iii.i,  !iin.-.  iii.ludiiiL:  ihc  r-jv  .Invini;  pulley  nrrU- 
tl,    •.  -jl ,  It.  (>  ill.  h\  3  ft. 

J  ilh,  1  (Fig,  J15)  i^^  of  .1  till'  ' -i>lia-f  t;(ii.  r.it"r, 

'.V  M.        Si'  iiicn-^  HiiK.  Dynamo  Works,  T.iniiteil.  of  Stafford. 

.  i.-w.  r  ih.m  4S  p 'U'>  <\uii'''l  "u  n-  in,i-iv   i 

iiywliccl.    When  run  at  a  ^kilA  ..f  151^  R-  r-  M-  the  current  pro. 
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duced  will  therefore  have  a  jK-riodicity  of  60  n*.   The  pencratnr  is  designed 

for  an  output  of  470  k.  v.  a.  at  j.joo  volts;  it  occupies  a  Hoor  space  of 
16  ft,  8  in.  l)y  7  ft.  4  in.,  the  outside  dianu'ter  of  the  stator  heiiig  13  ft. 
5  in.  and  the  inside  diameter  10  ft.  6  in.,  and  the  clearance  in  the  air  gap 
being  only  0-216  inch. 

As  an  example  of  Conliiiental  design  we  fjive,  in  l-'if,'.  21O,  an  illus- 
tration of  a  three-phase  ahernator  with  thiect  coupled  exciter  constructed 
by  the  Electrical  Companj-,  I.imitecl    '\\\\<  generator  is  designed  for  an  out- 


Fig.  ti7.— Ciocinr.WkMdir  |a*Foit  Atttrnaior,  4so-k.v.*.  («s  a.  9.  a.) 


put  of  150  K.  V.  A.  with  a  pressure  of  3,000  volts  and  a  periodicity  of  50 

cycles  whe:.  runninR  at  a  sjx^ed  of  375  k.  r.  M. ;  it  has  therefore  16  j)<>les. 
The  S-jiole  exciter  is  a  3  K.  w.  machine  giving  the  necessary  exciting 
current  at  a  pressure  of  no  volts.  It  will  be  noticed  that  the  machine — 
which,  however,  is  for  a  comparatively  small  output — differs  from  the  pre- 
ceding machines  in  heing  carried  entirely  above  the  surfa<c  of  the  bed- 
plate, so  that  the  over-all  height  is  74  inches,  the  (Mit>iile  diaiiu  ter  of  the 
revolving  field  magnets  being  43  inches.  The  method  of  supporting  tne 
exciter  should  be  noticed. 

As  an  example  of  American  desii^n,  Fij;.  217  .-Jiows  a  machine  c<in- 
Stnictcd  by  the  Crocker-Wheeler  Company  of  New  Jersey.  This  machine 
a  intended  for  an  output  of  400  k.  v.  a.  ^1  2,300  volts,  and  fco  periods 
per  second  when  run  at  a  speed  of  225  r.  p.  m.   In  thb  case  also  the  brackets 
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by  which  the  armature  casinR  is  ssctucd  to  the  an-  vcrv  l"\v 

down  and  tlu-  shaft  oorresiKindinglv  hij^h.  the  Ixvirinns  hoiiin  cairud  hy 
tall  jiedcstalA  boUtd  to  tlu-  ht-.l-pl.it."  in  the  usual  way.  The  machine 
stands  8  feet  4V  in.  high,  and  the  rotating  magnets  have  an  over-all 
diameter  of  7()V  indies. 

There  is  one  other  type  of  slow-speed  alternator  which  may  well  De 
referred  to  here,  and  that  is  the  vertical-shaft  type,  which  is  frequently 


t  ig.  ,i».-V«ti.^l  SI«ft  W««-Dti»t»  Slow.Sp«d  AUtrMio..  io,««  «.  w.  (400  ■  r.  «•)■ 


used  ni  wato, -power  Rencratinp  stations,  as.  for  mstan,.  at  Niagara  and 
elsowlu-n-.  The  general  appearand-  ,4  muI,  a  n.achnu-  is  il  ">tratcd  m  Hr 
2i8  which  depicts  a  Io.ikk.  kilowatt  maclmu-  ut  tins  t>  pe  Iniilt  by  the  (.oneral 
Electric  Company  of  America  and  installed  in  a  Kener..t,n^'  station  m 
California  It  i>  an  iS-pole  marhim-  ninninf;  at  400  k.  i-.  m..  ami  it  giiierates 
three-phase  currents  at  a  pre^ure  of  11,000  ^olt^  p.i  phase  and  60  ^. 
The  smaller  machinery  in  front  clm  tly  .  ..nsi.ts  of  the  regulating  gear  for 
controlling  the  admission  of  water  to  the  turbine. 
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Other  tyi>i's  of  slow-speed  alternators  not  so  wiiKly  u>e(l  as  the  fore- 
going will  be  referred  to  later  in  this  chapter.  Those  illnstrated  above  will 
tjive  the  n  adt  r  a  f^'ood  K't  nt  ral  idea  of  the  external  appearance  of  fairly 
recent  and  typical  maeiiines. 

I/if^li  •  SpfttI  Tiirlio- Altcrihitors. — Illustrations  of  nuMlt  in  alternators 
would  not  lie  exhaustive  without  some  referenee  to  the  high-six-eil  turbine- 
driven  alternators  whirh  hav*-  been  so  rapidly  develoind  since  the  last  edition 
of  this  book  wa-^  ])iil)lisli<  (l,  .md  tin  n  Ion-  a  general  description  of  a  few  of 
these  will  approjiriately  conipK  te  this  section. 

As  a  first  example,  Fig.  219  shows  a  complete  65o-kilowatt  set,  including' 
not  only  the  alternator,  but  also  the  steam  turbine  driving  it,  as  built 


Fig.  9I9.~-Bnice  Peebles  650-Knawatt  Three>Plm»  Altern.iU)r  ninning  at  3,000  R.  r.  M. 


hy  Mes<i<.  I>in(-(>  Perhl.  s  and  Co.,  of  Edinhtirt;Ii.  The  normal  speed  is 
3,000  K.  V.  M.,  at  whidi  the  set  f,'ives  a  three-phase  current  at  3,000  volts  per 
frfiase  with  a  jieriodirity  of  50  "X, ,  from  which  it  can  lie  inferred  that  the 
alternator  ha^;  two  ))oli  --  only.  Tin'  <  \ritri  i<  ('cMi])l('d  direct  to  the  main 
shaft,  and  is  eari  ied  upon  a  little  extension  of  a  bracket  fastened  to  the  out- 
side bearinfj  at  the  fjeturator  end.  The  set,  including  the  steam  engine, 
has  a  total  lcni;th  of  ji  feet,  is  (|  fert  wide,  an<l  -5  iiiclies  liiLrli. 

A  larf,'ei  ^(1  lia\iii|,'  a\\  output  of  i.ooo  kilowatts  is  shown  in  Fit;.  220 
(reiiroihicfd  l\vn\  lUii^infcriit^);  it  i- a  -<  t  Imilt  by  the  well-known  tirni  of 
Messrs.  C.  A.  I'arsons  and  Co.,  who  have  done  so  nnu  h  to  bring  the 
steam  turbine  to  its  pres<nit  imint  i>f  efTicieiiey.  The  si  t  i;enerates  a  three- 
]>li.i--e  l  unviil  at  h.dun  \..l!^  |m f  pliaM  .  and  50  "Xi  whe  n  luiuiiiif,'  at  1,500 
K.  1'.  M.  Its  total  lenj;lli  is  3;,  feet,  and  {greatest  wiilth  7  feet  4  inches. 
Here  again  the  sejiarate  exciter  can  be  seen  directly  coupled  to  the  shaft  of 
tlie  large  alternator. 
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The  n.-xt  exaniph-,  VvA-  ^-i-  ^^'<''""'  'lvivi"« 

the  oxciU-r  ii  1.7.M.-K.  V.  A.  aUcrnator,  Iniilt  In  M  —  -  '"'k.  Kerr 
an.l  (•..„  l  uint.  .'  I  h.  in.u  liin.-  runs  at  1,5""  K.  1>.  M.  o.v.  , >  tloor 
...Kv  I"  i>vt  S  nuh..^  Ion.'  l.v  S  f-.-t  4  ""''■-^  ^vul.-.  an.l  M.uul> 
7.   inch.,   lud.    I."",    tlu-    ha-,-,''"',  -''i'l'  '•^'"llv  al.mt 

8  il'ls  hi«h.  The  tH.l  n,agnet  ha>  ."..  r-U.  an.l  .he  ^.jaturc  . 
w.nm.l  for  three-phase  ntrrmts  at  2.100  volts  ,vr  phase  an.l  50  «». 

 X  /' 


FiR.  ,«..-P«MM  ..o-.KUow.«  Turbo.U.tt.wi«  Srt  (t.joo  «.•".«> 

Mucli  larger  nuuhines  constr.,cte,l  bv  this  firm  are  referred  to  later  (5« 

'"'If  ■n.en.tin.  tyi>c  "f  hi.h-spee.l  .u.h.-a.,.  .na-.v  .hi.^h  has  l>;e^ 
1  K  ,.  ..,1  is  the  vertical-«^haft  alternator  dnvc  n  hv  a  (  uiti-  >t.  .um 

;:;„:;;;:;  ,;;;;;,;«:,u^  .1..-  ..y 

(•onn«nv  \  "i.^oo-kilowatt  set  ot  th.>  ty,x'  is  shown  m  Fit;.  222  It  « 
.  t  vu  .upplll  in  1012  for  the  T«iHere  ReneratinK  station  -f  th.^  Sk-,..  .■ 
m,  '  m  ^  t  iqu.  au  Su.l-Ouest  of  France.  The  normal  speed  w  5" 
L  "  at  whicll  three-phase  power  is  generate,,  at  -  V^^^^ ^  ^ 
volts  wt  phase.  It  will  be  n"tecl  that  the  arnutuu-  hou-n,.'  of  t  u  dos  d 
F^ge  294).     The  bc-arin«  which  supp.rts  the  we.,ht  of  the 
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rcvolvinfi;  is  supplied  with  oil  under  prtssuro  by  a  three-throw 

VVorthiiiLttoii  juimp.  and  a  fan  draws  air  from  tlie  outside  and  distributes 
it  to  the  two  alti  rnatois  tlnouf,'li  ri  1  taiitjul.tr  sliafts. 

The  last  macliine  selected  tor  illustration  is  a  iuachine  having  the 
enormous  output  of  20,000  kilowatts,  built  by  the  Allpemeine  Elektricitats 
( li  scllM-liaft  (the  A.l'".("i.)  of  Ht  iliii.  It  is  shown  in  Fii,'.  2Z  \.  .'\\  its  tnibine 
.IS  it  apjH'ared  in  the  erecting  shoj)  at  the  fat  toiy.  The  rotating  field  magnets 
of  this  madiine  weigh  50  tons,  and  have  a  pei  ijilieral  spet>d  of  about  490  feet 
per  sccuud.    In  u  machine  of  this  size  the  ut-tual  losses,  even  fur  a  highly 
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m.— Dick,  K«n  i»6oo-KUowatC  Tttrbo-AIternator  (itSoo  *•  P>  M*V 


efficient  m.'ichine,  mean  tlie  turning  of  large  quantities  of  energy  ultimately 
into  In  at  in  the  ]iart>  o|  tin-  iuachine.  and  therefore  the  arrangements  for 
carrying  away  this  waste  heat  have  to  he  carefully  devised.  Thus  so 
little  as  one  j)cr  cent,  of  the  output  is  200  kilowatts  or  267  h.  p.,  and 
even  in  the  friction  on  the  Inarings  some  hundreds  of  horse  power 
are  lost,  making  well-designed  lubricating  arrangements  imperative. 

i..ii  :;i  as  it  is,  however,  the  above  machine  does  not  represent  the  limit 
to  which  engineers  arc  prepared  to  go  in  the  size  of  single  generating  sets. 
More  recently,  early  in  the  Lnglish  firm  of  Messrs.  C.  H.  Parsons  and 
Cu.  accepted  an  urder  Ua  a  40,000  u.  p.  turlNne  to  drive  an  alternator 


fly;  \ 


.  »  1 


TiiK  Mac.sk lie  Ciscr:r  ,<y  AiTiKr  iTORS 


23» 


haviiiR  a  continuous  ratinf-  of  j.v.hk,  kil.>w..tt<.  ll..'  yuAn^  unn  ami  t,>t- 
ing  of  this  machine,  which  is  to  U-  plaa  tl  in  the  Fisk  Stret-t  generating  sta- 
tion at  Chicago,  will  be  watched  with  groat  interest. 


n.  -THi:  M.uiSETir  (iwriT:  slow-speed  machines. 
As  explained  on  patje  2Z2.  the  whole  magnetic  circuit  will  U-  dealt 
with  in  \W  >ain.-  s.Tti,,ii.  in-t.  a^l  ut.  in  the  <m-.-  xvith  .  nntimmu.  .  mrent 
machines  the  li.  ld  maKiu'ts  an.l  tin-  ainiatuiv  \h  iii^  taU.  n  in  ^  parate 
sections.  For  this  purpose  the  classification  followed  will  be  the  secona 
.la->irication  given  on 
page 

Multicoil  Fields.— 

These   fields— in  which, 
as   a  rule,  there  is  an 
exciting;  cnil  on  the  cine 
beliind  each  ix)le  fact!  — 
may  have  either  (a)  fixed 
held  mat;iiets  or  (/»)  ro- 
tating held  magnets.  The 
third  division  (c)  of  page 
220  docs  not  apply  in 
modern  machines,  though 
M)ine  of  the  earliest  in- 
ductor machines  were  ot 
this  tyiie  (see  pages  272 
and  273). 

(a)  1-ixcd  Fuld  Miiii- 
Me/s.— This  type  ot  alter- 
nator is  not  frequently 
met  with  in  machines  of 
recent  constniction,  but 
when  it  is  the  multicoil 
fixed  magnets— espet  .Uv  j     j  ^jj^ 

i,So.k.lowatt  ^-^';-^'^^^^'^^'^'^\,  ,,e  pn-iK.nu.n  of  the  parts,  very 
^-^71'''"^.:^'::';;:^.^"  ,  0  of  the  same  company's  multi,^lar 
much  from  Fig.  13.  '^^'""fe'"^  \  aittcenc  .  .nc  that  in  the  alter- 

^:!rrx^ ""-'^ 


t  ig.  aaa.— 


,,^,.Kaow.,>.  1-.  1    H.  V,r.i«l  -l,..ft  nubo-AlUtu^W. 
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an-  n.irriiwcr  in  iir<i|>  ii  timi  to  tlu  ii  ;ixial  Ieii>,'tli.  It  is  iiiti  nstin)^  to  note 
that  wiurt  as  tlic  total  lioinht  of  the  I^<o-kil<)^vatt  altciiiator  is  71^  inclics, 
that  of  the  2(Hi-kilo\vatl  contiinions  ciirrt'iit  niarliini-  7;,'  IikIh  ^,  wliilst 
thf  Iiriclit-  <•(  tlic  axes  of  llic  -li.itis  in  tlir  two  ,  ,1-1  ,iri'  .',5  and  .iN.',  ilidii  s 
resix  i  tiv(  l\ .  I'm  \W  same  otii|iiit.  Mu  u  foio.  tlic  difffii'iirj'  in  size  of  these 
two  niadiiiits  l<ir  im  iUu  iiif;  t  li  i  ti  it  al  iKiwri  is  not  vi  iy  grtiit. 

A  romjik'te  mnlticoil  mugnct  madiine  with  fixi-tl  liihl  magnets,  {«  made 
by  the  same  comjmiy.  is  shown  in  Fip.  225.    Tlie  magnet  cores— of  which 


tXvnv  arc  eighteen— project,  as  usual,  from  an  encircling  yoke,  and  earli 
emm  rarries  a  sul>stantial  magncfisinf;  roil.  Tlic  pole  fa(-.<  arc  nctanijular, 
and  'XTUj)V  a  ropsidcrahlc  fi action  of  the  j)eii])licw.  l-:xc.  ]  i  lor  the 
al'-cn<r  i>l  ihc  I   nunut  iim  Mn.iture  is  very  similar  in  apin  arancc  to 

the  armature  01  ,1  multiixilar  cmtinuous  current  machine.  Magnetic- 
ally, the  similarity  is  very  cl<  se.  for  it  is  built  up  of  toothed  discs  and 
dri\cii  hv  .1  -pi, I.  I  k,  \,  ,|  ,,11  t,,  ii,,.  In  j.,,.,,  except  for  the  shape 

01  tlie  iK)le  piccis.  ilic  two  magnetic  (Hcun-  are  identical. 

The  machine  iHastrated  i«  wmimf  t«'  -^f  an  oTft^Hit  of  375  kilowatts 
wH*  two-phase  cwmrts  at  60  periocte  per  setxmd.  the  speed  of  rotation 
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he  centre  of  tbe  sluUt  .  54  in.l.-  In.-n  .1,..  ^^        tl   ,  ..,t  n,  .1  e 

rin,  hcinfj  cast  with  tlu'  iK-.l-i'lat..    ll-  ..v..-..il  Lnuth  ,.,....11-^1  to 
the  shaft  is  130  inches,  of  whid*  5"  in'»'W  is  .-rc«|.io,l  by  the  puHcy  Jace 


fig.  314.— Carcase  oC  Multic.il  Find  Fif/ld  M.iznct  i.f  Mi 


riie  exritiiiK  ruri-ont  at  full  load  is  53  ami>cres  at  IJ5  volts,  or  6'87  kilo- 
watts,  whiih  is  rS  jht  ctut.  <il  the  maximum  <niti>ut. 

"  Copper  "-Type  Altrniati'rs.  Hie  !(.m;i-  i.|  nmiu.  ■  li  fix,  ,1  twld  nuLii.'ts, 
diverse  from  anything  found  in  nn  dtrii  a.ntimu.us  lurrt  iit  piiuiur,  \s<  i<\ 
at  one  time,  numerous  and  imiwrtant.  A  very  widely  used  tyiH'  iias  already 
beep  described  in  the  hi>t<irical  section  in  the  >i. men-  (Fii;.  5,'.5.  ^■ol.  !■) 
and  also  in  the  FerraiUi  (I-ig.  537)  alternator>.    It  .onMMs  of  a  double 
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crown  of  jiolcs  facing  one  anotlu-r  at  opposite  sidts  of  a  narrow  gap  in 
whic'i  (liscoidal  annaturr  coils  revolve.  The  piles  are  alternafelv  N  ami  s, 

a  n<Mili  |xile  on  one  side  f.iciiiK  a  south  pole  on  tlic  nthrr. 

The  lield  magnets  ol  a  much  more  recent  Ferraiiti  niadiine  of  this, 
tht'  "  copper,"  type  are  shown  in  Fig.  22<i,  in  which  will  hv  observed  the 
double  cniwn  of  magnets  faciiif,'  one  ani>tlui  wiih  .i  n.iimw  iHtwccii 
them.    Till  core  of  each  magnet  projects  from  a  ni.i— ue  yike  rint;.  tlirougli 


Fig-  MJ.— Wotingliouw  Mnhicoil  Alternator  with  F«cJ  Field  .Magnet. 


which  it  passes,  the  ends  of  the  coies  brin^;  on  ilir  (iut>i(lr  of  the 

rin^.  There  are  two  such  rin(,'s.  each  carrying  a  ( ircular  "  crown  "  of  40 
electro-magnets  at  right  angles  to  the  i>lane  of  the  ring,  the  latter  being 
built  up  of  four  parts  b,)lted  together.  The  two  rings  are  rit,'idlv  held  at 
the  reijuired  distance  ajiart  by  tiie  supjiortiiig  brackets  and  the  inser- 
tion at  intervals  of  (h>tance  ]>iece-^.  the  [«>>itiiins  of  whicli  1,111  he  >t  rn  in 
the  figure.  The  field  magnets  illustrated  are  for  a  machine  designed  to 
give  an  output  jif  650  kilowatts  at  ii.wio  volts.  As  there  arc  40  electro- 
magnets in  each  yoke  ring  placed  with  their  iM)les  of  opjwsite  polarity 
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facing  one  another,  there  will  W  40  'hmp  s  in  the  dirertion  <.f  the  F.  M.  K 
during  each  rewlutkm  of  the  arniatui.'.  th.i-  j^ivhik  m  nii>l.  t.'  .  vi'- 
jM  T  revolution.  The  armature  runs  at  25^  K.  i>.  m.,  and  th.'  iKnoau  it> 
IS  therefore  5,000  i-eii'      i>er  minute,  or,  in  the  usual  units.  83  periods 


Fig.  «« -FWd  Mu««  "Coppet-.Xyp.  AUeri»««. 


second,  Nvhich  is  lugher  th  vn  v  V  at  is  ,iow  the  most  usua  p  ac  e  ^ 
electro-magnets  are  wound  NMth  coppr  stn,.  on  .df;e,  ni  th.  ni.inn  .  illus- 
trated in  Fi.'.  2V  and  the  wmdings  are  held  in  iK,s,tu.n  by  the  ik.Io  ku.s. 

la-  nx'  d  to  the  l3ody  by  countersunk  screw*.  The  over-aU  d.ameter 
of  the  yoke  rings  is  183  inches. 
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Tlie  arniatiire  roils  wliicli  iin-  to  revolve  in  the  mij)  In  twcin  the  double 
cnwn  of  rlortn>-m.iKnrfs  are  shown  in  Fig.  227,  which  rcj>resrnt8  the 
aitii.itiiic  ul  a  5<Mi-kiliiw.itt  alii  i iiatur  sii|i|ilir(!  t)\  M(  -vi>;.  Ferranti,  T.iniitod, 
to  till'  lliimp>tc.iil  ('(  iiii.il  Si  uiiui.  If  will  lie  nulitcd  first  that  tin-  (nils 
are  nioimtcii  i>ii  the  uui~-i(lc  ni  the  lini  d  an  ordinary  enjjine  flywheel, 
St)  that  this  tlyv.lat!  iw  iufi  designed  with  reference  to  the  engines 
to  give  the  required  steadiness  of  running,  no  additional  flywheel  need 
be  mounted  on  the  shaft,  as  is  necessary  in  some  other  designs  of 

alternators  an<l 
some  of  the  larpe 
continuous  current 
machines.  The 
coils  are  carried  by 
steel  bolts,  fixed 
in  cored  holes  of 
t  lli|.ti(  il  ^(1  lion  in 
the  ouiiT  j)erij)liery 
of  the  rim.  Each 
hole  contains  an 
elliptical  cast-iron 
nut  drilled  and 
tapped  to  receive 
the  steel  bolt ; 
these  nuts  are 
about  %  inch 
smaller  all  round 
than  the  lioles  in 
which  they  are 
placed,  the  remain- 
ing space  being 
filled  up  with  a 

(  1 1  111  |)o •  ion    o  t 
Fig.  n7.  -  Aniuturc  of  Kcmmi  "  Copper    I  ype  .Vliernator.  w     i        i  i 

Ited  sulphur, 

which,  on  hardening,',  forms  a  firm  mechanical  suppt»rt  for  the  nuts,  and. 

in  a<ldition.  elhciently  insulates  them  and  the  h-'lt-;  Inun  the  metal  of 
the  rim.  The  1)  ilts  are  in  I'.uis  in  the  -anie  radial  jilane.  and  each 
pair  of  baits  carries  a  1  .iir  of  coil^,  one  on  either  --ide  of  that  plane. 
The  inner  ends  of  the  two  coils  carried  by  one  pair  of  bolts  are  elec- 
trically connected,  so  that  each  )iair  of  coils  with  its  bolts  forms  a 
Separate  unit  ef  the  ann.ituie,  whieii  i-^  electiir.dly  joined  to  the  units 
on  either  side  by  means  of  the  lugs,  which  can  be  seen  projecting  inwards 
in  the  figure. 

Tire  armature  illustrated  is  designed  to  give  an  output  of  300  kilowatts 
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at  '  loo  vr.lts  when  run  ;it  a  sihvI  .70  R.  P.  m.  Tlirrp  are  4.>  roiK  in 
all  .111(1  tlu'  hfl.l  m  win  h  tli.  v  i.'vulv  i,  thri,  |..i.-  pi.  ,  i-  lv  -imil.ir  t..  \W 
tu  ld  represi-uti-il  in  biK-  2^0:  the  sih^.I,  h..w.  v.  i  .  I«  in^  IndH  i  .  tin- 
KTiodicitv  is  1,0  *U  instead  of  «3  as  in  the  former  .  a^'.  11..  di.uiu  tci  ..I 
the  llywh.il  is  100  inches,  and  the  iiver-aU  »Uamct*r  of  tiie  armature  roils 

148  inches.  _  .  ■  •  _ 

A  comi)U!te  machine  of  tlib  type,  together  wtth  »U  Ferranti  dnvmg 


en^nnc  and  continuous  current  exciter,  as  suppl.-l      -1,,  ^ 
t>  .  is  >h.,.n  in  IM,.  3.8.    The  ..ut,nit  of  the  set  is  n.,o  k.lowutt.  a^  ^iuo 
volts  .hen  ,nnni..«  at  .M4  K.     m.    There  are  in  thn  ..s.^  Is  m 

the  armature  and  the  same  numh.  r  -(  pai.^  -.1  . 1. .  '  '  '"^^ 

rings,  the  fre,,u..n.  v  of  the  single-pluiM-  .uu.ul. 

ThS  iirgc.  mUinoof  this  tv,.  '>i'^^;'-^''";'-;^:-:^::' 

ot  Lo-ndon  Electric  Linhtiiin(-iv.iai;y.i.:.::^:  ':    >■  ■    ■   '  (  . 

kUowatts  when  running  at  150  R.  r.  m-  ;      "ve-all  d.a,netc,  was  .3  teet. 
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In  rPRard  to  vultage,  those  alternators  have  bet-n  built  to  give  10,300  to 
ll,n<H>  volts  on  a  working  load,  and  12,000  volts  on  test. 

Miuliiiic-  wifli  cDpjHT-tyiw  disc  armatuns  and  fixed  field  mapnrJs 
with  multiiiul  excitation,  but  smaller  than  those  described  above,  were 
at  one  time  manufactured  by  Messrs.  Crompton  and  Co.-,  limited.  They 

have,  however,  Ix-en  siiixTseded  by  inai  liines  of  ilie  revolvinp  mapnct  tyjx' 
with  nuilticoil  cxcit.itinn.  Those  interested  in  tlie  histtiry  of  the  subject 
will  find  other  r(>|i|N'i -tyiie  machines  fully  illustrated  and  described  in  the 
last  edition  of  this  btwk. 

Pole- Armature  Tyf*e.—'T\m  type  of  marhine  has  th?  armature  coils 
\»'iiin<l  u|)i'ii  coics  whi(h  innjcrt  radially  outward  fri>tn  .1  i-  'KitiK  hub  or 
a  Ih-wheel  run.  In  the  early  days  the  type  was  taken  up  b\  more  than 
one  inventor,  and  good  machines  originally  designed  by  Drs.  J.  and  E. 
Hopkinson,  and  manufactured  by  Messrs.  Mather  .and  Piatt,  Limited,  played 
at  one  time  an  imiwrt.int  part  in  the  development  of  tiie  subject.  Full 
descriptions  of  the  v.irious  modificatinns  of  the  typ'  will  be  fimnd  in  the 
earlier  editions  of  this  book,  but  it  also  has  been  displaced  by  the  revolving- 
field  tyjxs  described  later  in  this  chapter.  One  great  disadvantage  of  the 
type  was  that  it  could  (generate  sinKlc-pliase  currents  onK'. 

(b)  Rotatinj^  Field  Magnets. — When  we  pass  to  multicoil  rotating  field 
magnets  wc  meet  with  many  patterns  which  differ  considerably  from  any- 
thing used  fur  confinu'iu-  currents.  Such  field  magnets  were  used  in  one 
iif  the  histnrical  ni.icliines  already  deycribed  (sec  I'i/,'.  354,  Vol.  I.),  and 
])l.ive(l  an  important  part  in  the  early  (leveli>pnuut  of  alternatnrs.  Other 
forms  have  lieen  described  in  the  earlier  editions  of  this  book.  Perhaps  the 
greatest  advantage  gained  by  fixing  the  armature  and  causing  the  field 
magnets  to  rotate  is  \\'.:<  111  -liding  cnnt.nls  aie  re(iuired  for  the  high- 
voltage  currents  wluch  aie  usually  produced  by  modtrn  alternators.  When- 
ever such  contact.?  are  required  they  have  to  be  carefully  designed,  because 
of  tliP  difficulties  of  effective  insulation  under  the  conditions  of  working. 
With  the  tield  in.ignets  rotating,  the  only  shding  contacts  required  arc 
the  ones  tor  introducing  the  magnetising  current ;  the  machines  being 
separately  excited,  this  current  is  usually  of  low  voltage,  and  the  design 
of  the  slij)  rings  is  therefore  quite  simple. 

The  ,il);)\e  leinaiks  ajiply  to  machines  <>{  this  type,  whatever  may  be 
the  s|)eed  at  which  they  are  designed  run.  It  has,  however,  already 
been  remarked  that  the  excessively  iiigh  sjieeds  at  which  steam  turbine- 
ilii\-en  alternators  are  run  introduce  problems  which  are  either  absent 
from,  or  are  unimportant  and  negligible  in,  slower-running  machines.  It 
will  therefore  be  convenient  in  what  follows  to  treat  the  two  classes  of 
machini  -  -eparatcly. 

(h^)  Slow-Speed  Machines. — As  already  remarked,  the  whole  tendency  of 
mo^m  development  is  in  the  dtr«cttoa  of  building  larger  and  larger  units, 
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and  tlnTcforo  most  of  our  i!lii-;trati<>ns  will  Ix'  (li-,i'..-n  from  such  marlunps. 
It  will.  tiiiwovtT.  Ih-  iii-tiiii  tivi"  to  coiniiicni witli  (jttilc  a  small  machine, 
•iiiil  t'T  iliis  ]Mir,)o^('  \vt-  ii.ivi-  -i  icctcd  ail  altnii.itor  coiiHtnictcd  \i\  Mo<sis, 
J.  II.  Ilolinos  and  Co.,  similar  to,  but  smallor  than,  the  alternator  shown  in 
Fi^'.  -'14. 

The  inaiiiiiic,  which  is  (ir^icncd  to  ^^'ivc  a  tlu('i'-|>liasc  rmtput  of  40 
K.  V.  A.  at  ZiM  volts  hctwccn  lines  when  running  at  ()oo  k.  v.  M.,  is  shown  in 
en  iss- sect  ion  in  Fif?'*.  220  and  2.?o.  It  has  ti-n  jKiles,  and  thorcforc  fjivej  a 
cm  rent  with  50  prriods  jxt  second.  Tlic  ticld-maj;iict  cores,  as  will  W  Si-en 
m  I'ifi.  -'  ;o.  are  cast  solid  with  the  hiih,  l>iit  are  provided  with  separate 
p  :le  >iior^,  uhicli  are  screwed  on  to  the  vmh  ol  ih.-  imc-.  Tin  over-,ill 
diameter  ot  the  rotor  is  20  hi.,  ami  the  tores  are  4-25  in.  loiin,  witii  a  cioss- 
wction  (y^  in.  In-  ^  45  in.  The  whole  of  tt->  interfiolar  space  (Fii*.  220) 
is  (.ccuipii'd  the  til  ill  Coil-,  wtiicli  are  wiiiiinl  to  a  W(  (ii.ri  --ha|ie  -ection 
so  as  to  utili>e  this  -ji.ice  to  the  U  ~t  adx  antai,' Thex-  cmls  are  held 
in  th  'ir  places  ai,'aiii-!  the  <'ttects  ot  ceiitrihii,'al  lorci'  bv  the  juile  >hoes. 
Details  of  the  slip  riiiK-^  from  which  the  current  is  led  into  the  coils  can 
be  made  out  in  Fifj.  j  50,  and  details  of  the  brushes  and  hnish  holders  ran  Ik; 
seen  in  I'if?.  JJi). 

The  air  pap  is  J  in.  opp»ite  the  jiole  shoes,  and  therefore  the  <liameter 
of  the  arniitnro  face  is  z^yzf,  in.  Tiie  armature  is  7-5  in.  long  measured 
lur.illel  lo  the  <!i.ifi.  .iiiil  i-  ni.iile  up  of  tlie  ti-u,il  stanipiiii,'-  with  one  veii- 
lil.itiii'.,'  duct  in  tiie  niidille;  these  stampings  liave  a  rachal  depth  of  z-j  in., 
and  are  clam]K'd  in  p>sition  in  the  housing  by  end  plates.  Tiic  slots  are 
ri  rtaiii^ulr.i-  in  -ei  tion,  with  onlv  a  vei  v  n.irrow  o|H-ning  on  the  lace  of  the 
.mnature;  there  are  allotjether  tjo  -IdI^^,  which  j^'ives  nine  s|r)ts  per  |>oli'  or 
three  slot--  per  ])  ile  j«  r  ph.i-e.  Tiie  lull  lo  ul  1  til  lent  is  115  amperes  pi-r 
phaso,  whi<  h  at  unit  power  fai  tor.  and  \.itl'  a  '.K'rfectly  balanced  load, 
gives  an  output  of  40  kilowatts. 

In  l.iiL;v  luacliiiir-  ot  tin-  is])!'  in  wliich  th.'  pole-  are  u-nall\-  very 
niMiierous,  the  yoke  of  the  field  in.i^'iiet  p.iit  of  the  iiiat^iu  tic  ciicuit  is 
formed  by  successive  portions  of  the  rim  of  a  flywheel,  on  which  is  a  rule, 
the  nia.L;iii  t  coic  s  arc  bolte  d  It  iiiu-t  W  remenilH'ied  that  the  polar  pro- 
jection- are  alternatilv  ol  ojipo  ite  pol.iiiliis,  and  tlierefore  the  inachine 
consist-  in.iL,'noticall\-  of  a  k'lcat  iiiniilxr  of  in.iL:nrlic  I'lcnit-  (conipaic 
Figs.  38  and  arranged  round  this  rim  ;  the  actual  le!i;,'th  of  any  particular 
line  in  the  rim  cannot  much  exceed  twice  the  pole  pitch.  The  general 
form  of  the  ci-o----iii i  in  of  thi-  poiti.iii  of  tln'  path  can  be  taiilv  wi  11  i/  ii 
in  sonic  of  the  ])r''Ci  ilint;  liLiint  -  (-t-e  Iml;-.  zm  to  ziS).  but  liillei  detail-  will 
be  given  later. 

Altriition  ina\  ,il-  >  be  1  ailed  t"  wli.il  'n  .m,ilo.i,'\-.  but  to  a  veiy  limiteil 
evteiit,  may  be  rcij.irded  a:-^  the  yoki'  ot  the  .ii  niatiin-  pal  t  ol  the  mai^lli  tic 
Circuit.   These  armatures,  as  a  rule,  consist  o{  a  frame  ting  or  housing, 
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oiten  .  a.  in         part,  or  in  ^ X'^^Tll  Z  S 

nugncts  ol  .uultiix.la.  cont.nuou,  ^           ^hc  K.ver  halt  U-.ug 

i.  sho.-n  in               m  Uj-.  c-;;          J  ,       Unl-plate  or  foundation. 

'n;:ia;       rt;::ali*^"i^n  «p       ««« « 


,  .  , ,  H  u-iM^  >f       Kiluwiitt  nkk.  Km  Klator, 

tne  manner  Z^^^^  ^^'^  iJ'^H"" ^'1;::!:^.^ 

wound  armatmv  ..f  a  madmu  .ua.l.- l.N  M       •        •  other  view^  of 

th..  ,nak.  ,^  u,  the  ha.ue  ..r  ^''-'"^  ^         ,!  ,^  :„  „..„,lv  in  Im,. 

,,,,  .here  details  of  the        .-U  ■       ;    ^„„^ 

6o       the  rot..r  havn,«  .V  '-''  V  "  .  eu„„,aud  svUh  the 

shape  of  the  eM..nal  ,aM,n.  m  '  t„  ^3  . 

different  tonus  svhieh  arc  elea.l>  .hovvn  lu  1  'fe- 
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Electrkity  ii:  the  Hekvice  of  Man 


Tlio  inaRn^tic  cirniit  of  this  Xyyo  of  altti ii;it<>r  is  well  shown  in  Figs. 
2U  :in<l  254.  pi (■!.. 11.(1  In.m  drawing's  kindly  supi.tiid  by  Messrs.  Mather 
aiid  IMatt.  Limited.  Fiy.  2.5.5  i-  -i  ili  wiiif,'.  j.aitlv  in  -c  tii.n.  at  ii^;lit  angles 
to  the  shaft,  showing  two  ix)lfs  of  the  tuld  nia^jnet  and  the  .(.i!T^i.ondinR 
tyirtion  of  the  armature  iron  and  ■  .nR  frame,  whilst  Fig.  234  slmws  a  radial 
section  paralKl  to  the  sh  itt.  tliioimh  one  of  the  inaRnet  jxdes  and  the 
armature  and  liame.  In  eaeh  draAiiig  the  e.xdting  coils  are  shown  on 
the  magnet  poles. 

It  will  1>e  noticed  that  ea'-li  magnet  core  is  b;>ltcd  on  to  the  run  of  tlie 
flywheel  by  two  substantial  b  .Its,  which  pass  a  fair  distance  into  the  cores, 
and  that  additi(.nal  stiffness  is  secured  by  the  depth  to  wbi.h  the  cons 
are  sunk  into  the  rim.    The  pile  faces  at  tlic  ends  of  the  cous  aie  l>rout;ht 
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cl„c.  ,„>  to  the  armature  cu,e  in-n.  which  is  laminated  in  the  same  manner 
as  in  the  armature  cores  of  continuous  current  machines,  and  for  the  same 

reasons  {see  page  4«)0,  Vol.  I.)  ,     ,     ,    f  . 

Tlu-  cast-iron  frame  appears  to  be  in  two  halve,  with  a  km.l  of  nutie 
joint  between  them,  and  bolte.l  together  by  the  Ix.lts  A  ami  B  (see  b..th 
figures),  thus  enabling  the  laminated  core  d.^x     to  1.  budt  up  m  much 
the  same  wav  as  previously  descriU-d  tor  coutinuMU-  cun.  t.t  m,u  huies 
In  this  instance,  the  sh^ts  m  which  the  conductors  aiv  t"  !.<•  pla.ed 
arc  completely  cl,w.d  bv  i  thin  partition  of  iron  at  the  nid  ,u-xt  t.; 
the  .M.le  faces,  and  theiemre  the  a.iuatu.e  belong-  to  the  tunnel 
tv.H'      The  mean  path  ot  the  lines  ot  maK'uetir  tlux  is  s|,..wii  bv  the 
.l.'tted  lines  :  in  artual  ,...e  tic,.  .erv  little  ..I  the  Ilux  pas.e>  .through  a 
sl..t,  the  greater  in.rtion  I.emg  confined  to  the  foft  laminated  iroa.  as 
already  explained. 
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It    inn-t,  .  t  1„-  un.lri.t.H.l  tl^it  v.i\  littl.',  if   m\\.  of  the 

changing  tlux  in  tlu-  l.iinniai.-.l  o.n  n.  n  ..Mu.illv  Im.l--  i.s  svav  mt-.  tne 
fncircJinK  frame,  tlu-  .-liief  iumtion  >-i  wlii.h  i>  to  ijiv.'  tlir  lu. .'ssai y 
MipivMt  aiul  Mitti,.  to  tlic  lainiiiutfd  iron  whi.h  is  inti'iuktl 
to  ranv  tlii>  Ihix.  It  iIh  iu.ii;ii.  i ic  lines  fonncJ  tlieir  way  in  any  appre- 
ciable ".luanl  it  v  int..  tlie  soli.l  iron,  tlu  ir  i.ipi>l  .  h.nip-  ol  p. -it ion 
wonld  give  rise  to  e.Ulv  lurnnts  wliirli  would  !.ad  to  a  \sa-te  ot 
tnerny  and  to  heating,  with  a  conse(iuent  Ifwering  ol  tlii;  uIIk  icney  of  tlie 
machine. 


r*  a35.-M»»li«  and  PI»«  MuUicoi<  Ro««iiH(-»'i*U  Alltrnator,  500  KiloMtts. 

The  a(  l\ial  in,.' iiiiie  to  whidi  the  ab  .ve  ilrawin--  tel.  r  is  -liown  in 
Fig.  i\%  wliirli  r.'i.r. -ents  a  Munewhat  old  1yi>''  ot  thi.  < -ph.i-e  .dlcrnator 
and  exciter  Inult  hv  Messrs.  Mather  and  Platt  to  give  an  output  ol  500 
kilowatts  at  i-'o  u.  I'.  \i.  The  .irmattne  may  ih>  womid  for  any  on<'  ol  live 
dilfei.nt  >tai).laiil  i.u>miu>  vaiMiit;  liom  (1.500  to  v>o  volts,  the  lie()iiriu  v 
iK-ing  40  t\t.  I'tx'  whole  machine  weit;li->  .'.o  ton-,  ati.l  tlir  i-all  dia- 
•trr  ot  Ihe  reVolMiiL'  lield  magnets  IS  I.S(.  il!.l!r>.  111.-  .tluieli.A  at  lull 
The  whole  of   the  aiiiiattiiv  and  fiaiin-  ean  W 


nu 
loa< 


nil  (Till 


Ik  I.I 


.1^11.  ' 


tliii- 


nio\.  .1    I'  ll  ill'  1    t"    I    '     a\i-    .111.1    1.  l.iln  .  K    I"  li 

readily  all..\Mii.i.;  the  winding-  ot  .ith.  1  to  l>e  iii-p..i.d.  Hie  llvwlir.l 
uixm  which  the  field  ma{;iKt>  are  built  up  is  of  suflkient  mass  to  ensure 
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steady  running  under  varied  conditi..ns  oi  loa.l.  and  ...  j  .u.ilKl  oiIkT 

'""'rir  building  up  of  the  rot.T  uhe.  l  .nul  ih,  M  tl..         ,  o,.s 

„„,i,  ,,„,,h...l  nf  .ttt.i.hmcnt  to  the  uhe.l.  ;u.  n.it....illv  d.  ,uN  ■ 
uh.a»  much  cvu>.d..ra.u.n  hxs  k-en  given  and  it  ,s  interestu,K'  not. 
s  .me  of  the  sohitions  of  the  problems  involved  which  have  Ken  adopttU 

nealhi«  first  with  machines  of  comparatively^Emall  .mtput.  the  wheel 

itself    I'ltetl  t.lkis 

a  tUsc  shajK-  to 
which  the  rim  for 

(  ai  I  \  nvA  the  i  nii  s 

M  i  ured  in  \ 
■  iw  wavs,  stime  of 
wtiiih  will  app»'ar 
111  subM  iiuentinu>^- 
trations.  Th>  disc 
is  f  r  e  (J  u  e  n  1 1  y 
pierced  with  hoU-s 
both  to  sctvir.' 
lightness  aiul  also 
for  ventilating  pur- 
poses. 

For  the  lai  j-'er 
machines  a  liy- 
wheel  with  the 
iisual  sjiokes  and 
rim  IS  eithi  r  east 
in  one  pieie  or 
carefully  built  up 
-,>  as  to  avoid  U!i- 

ihie  strains  in   the  ^   o.  -.,.  Whtt   r  K.>tor,  i       ^      srml  lcd. 

s::::!tr^.;:Iom  trom -  ^tr.:: 

trans(ormat.ons  ot  .nei^v  tak.n«  ,la.-e  :vt  .t s  1-'1->'-n- 

The  first  example.  siv.  nmb.f;.^..<.  -  ] 

r,o.  k..,.XVh.-,.l,.i  altc..nator.  :     n  .    •  „„ 

the  ...u.  and  .he               .oie-  —  ^       Tli:^  X.  '  .ua,:,.i.e 

which  is  t>4                                     ',  ";;m     l..  U,:...  n.a.h.nes 

having  an  output  ot  15-  ;  ,uu.  «h..h  » 
the  ix>lcshoe  and  ore  are  m  one  v«hd  pK-c 


ELEcmiarv  /  v  'HH  StKncs  cf  Man 


,  ast  >-.li<l  with  Ih.  In.l.  aiul  >iK.k.s.   A  compU-ted  roadiine  of 


Fig.  n7.-Roiot  of  a  sou  Kilownl  Dkk,  Kiiit  AhciniUsr. 


kilnwalt  altei  nat.ir  Imilt  l>y  M.-ssn;.  Diik,  Kerr  and  Co.,  l.itniled.    In  this  case 

il  i-  imp '1 1,111!  1,1  n.-tiT  tli.:t  llir  i'it;lit  -pnkc-.  ulii'  h  .III'  r,i-t  ^i.lid  with 
the  huh.  idiiy  iii  tl  t.!r  ouIli  tiuis  the  i.'t;lit  i-ictiyiis  i.l  a  discontinuous 
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rim  ...  .„,„  -         W  ;.,„v.«  .W  ^^^J-;);:^ 


fi,  „g  .  K...or  of  Ilru,h  Al.«n«or.  ..oco  Kilow«.,,  «  ..  F.  1*. 

,  •  .  ,     nn  ^xternil  diameter  of  203-5  inrbs  fiG  ft.  11  5  in.).  Wong^ 
shown,  which  ha.  an  oxt.  ma  d,am  ^.^^^^^^^^^^  ^  ^ 

cast  in  two  halv.  .  and  .r.  -  /  '  ,„,,^ards  Ix.Uod  tof^.  thtT 

Ixun  cast  suUdwUhtueu.u.  and  h.       t   1^      ^        ^^^^  ^^^^^^^^.^^^^ 

to  form  the  cumpU'to  Nvh-l^  ^^^^^^^  ^j^^.  l.all-.rokc» 

do  not  form  a  contmuous  ^uhd  hub  or  lum 
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an>  Mu-,\  «u«rH..-i  Ih.'  hub  in  .  i^lit  s.  iMr;it  ]n, .  1 1,.  -  . Iv  ,nor,« 
,l.  ,„lv  -  .  in  1-.^.  vvlnM,  un.-  pktu.v  oi  tl..-  c..n.i>l.t..l  ....ui  m.].- 
nu.t.a  l.v.lM.t  ..ul  l.n,.llv  M.UH.I  to,  it>  shaft.  Til.-  .livuimK  of  tl.r  hub  as 
docs  the  diviaiiiy  of  till-  liiii  ii»  .'llHi  malHHls  of  construction.  tnal.Us  tl.e 


Kg.  «9.-lta*r  of  Bnnh  Ah*nia(ar  (i.ooo  Kilowaiii,  7^  r  p  m  ). 

nvi-^iv.-  r.-tin'-  iM  .'"'I  'l"xv!i  f'-ni  tl.r  tnolt.n  ^-l..!-'  with  a  miiunuim  of 
intrmal  stia.u.  ^^h'■  h  .u>Kht  .l.  vrlu,,  1,.  a  ,l..n^.  naw  .  Nt.  lit  if  th.  whole 
hub  s-k-.  ;>'Hl  rtm  wm-  cast  in  om-  s..U,l  pu.,  .  Ih.w  tho  -phi  In.l.  ..1  this 
„„tMul..  1-  n.Miiani.MlK  o.nu.'Ot.d  to  thr  shall  sn  a-  t..  .-hOUV  a 

LlisUclui  v  diivo  II  ..11  ihc-  shall  10  tlK'  lotor  can  b.'  sivu  Ironi  1-iy.  240. 


PLAtE  V 


MKXOCOPr  MSOUITION  TUT  QUIT 
(ANSI  ond  ISO  TIST  CHACT  No.  2) 


M.u:.\F.iic  CiscriTs  <<h  l.Ah^.h  -->'■' 

,       ,   ,          ,  l„.lt--.'.  tion  at  tlu-  hul.  .  ml      -m-  "i  thr 
which  (in  ;m  ' 

spokes.                                              ,,,..itHMl  1-  (li-unct  troiu  thf  ^p<'Wt' 

nu-thod,  ul  InuKln.u  u,.  tho  rotor,  a  \;,„.,^,,.,,,,„  u,.,.-phaM- ah.  r- 

Figs.  241  ar.l  ■     M.ow  .Iw  upi"  •  l"^''  "     •  ,^  a 

natorbuUt  by  Me»rs.  Math.r          '  ''V'  ,  ,  '  ,  .l,,n.nu:.  luulv  m  ^  c- 

half-radial  st-ction  through  th.  'N'-  '  ,    .  ,^,,,„a.  a  into  a  wry 

tion.  at  right  angles  to  tho  ^hatt.    Hh'  ^  > 


Fig.  .40,    <.:Uu„„n.  o,  Hub  „f  Un.4,  Al.em.W.  o..  M...(.. 


...v..  a, »;;^ 

^  ar-r^i."»2i^  m.  U.U  K-a  ..an«  . 
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\  _  ut  Tv).  .1^  in  the  prccedinK 

rase.  The  two.  if  fniiti  a-ti  il, 
arc  .i;i«>(l  examples  i)t  luiw 
^|i<  r(l  and  pn  iodicity  modify 

dr-ii,'!!.      Ill    tlH'  f^^^*^ 

tlie  ^)^lt^i^l<'  iliaiiii  ti  1  ol  lliu 
romi>U  trd  lot-M  1-  yh  im  lus 
(S  i;.  t).  \vhil>t  the  divided 
liiu.  to  wliich  tlu'  mafjnet 
coics  aiv  attarli.'cl,  ha-  a 
diameter  of  jfii  inehes.  hull 
details  of  the  magnetic  cii- 
luil  ol  tlii-  niaehiiie  and  of 
its  ainiaiuie  windings  are 
fliveii  later  {sec  jKigcs  278 

aiul.',i'''l 

The  next  point  which  it 
i-  (,f  inttiot    to   1  xaiiiiiu- 
is  the  method  of  attaeli- 
nient  of  the  magnet  cores 
,„  poles  to  the  rim  of  the 
i.tor,  and  it  \\ill  Ih'  con- 
venient at  the  same  time 
to  deal  with  the  details  of 
construction  of  these  ix)les 
and  their  pole  shoes  or  pole 
faces.    As  the  power  has  to 
be  transmitted  mechanically 
from  the  shaft  throu-h  these 
jwles  on  Its  way  to  tin: 
armature  circuits,  it  is  evi- 
,l,nt    that    they   must  be 
mech.invallv,    as    well  as 
ma,mieii>  all\ ,  w.  ll  .ie-i,mved 
In  the  (  roeker-Wheelei 

case  (l-iK-         it  l'''^^ 
already  explaiiie..  iliat  the 
jx)les   are    solid    and  are 
either  cast  solid  with  the 
rim  or  bolted  to  it.  Many 
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f„,n.  l.owex.  r.  a,]nyt  nuuh  more  elah..rato  nu'thcds  of  constniction. 
Mi..m'-  k.  K.n  an.l  Co..  for  instance,  havinf,'  three  standard  methods. 
detV-K  ol  vNli.-h  aro  i^W.n  in  l-i.^^.  -'4;>  t"  ^1^-  ^"i^:-  -:t.^  '^"^ 
sho-.-  partly  ni  section,  two  vicss  of  one  siH.kc  .m.l  the  adjacent  i>nle=, 


Pi,  1.,  K.  Ti  I  i.  M  M.i-;">1~. 


Kig.  346. 

vv.ili  S.  lUI  Rim  ami  Laminated  Cores  and  Pole  Facc^. 


Of  a  3f.-lH.le  alternatoi.  In  this  case  the  whole  of  the  core  and  pole  shoe 
is  lar^inLted,  as  is  also  the  yoke  bchnul,  which  is  lixcd  on  the  .ly wheel 
spider  by  mca.is  of  cast-in.n  flanges  and  mach.n..d  holts.    The  lamination. 


rift.  147' 


Dick,  Kerr  FkM  Mafr.ets.  »itl.  Sulid  Rim  and  C^res.  tut  wilh  Laminaled  Pole  K«r<* 
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|,l,,t,^  key  into  thoso 
.11.  piuviilfd  ilin'HKh 


Sug»e<  Co«  »■»»  ►»« 


ofthP  yoke  ;u.'  .InvrtaiUd.  an.l  tin'        .ni'l  l-'-'  -1"" 
dovetails  as  sh.-wn  in  thedrawin,.    1'""'"";^^^';;';:  .,n. , 

the  Hes  at  r.^ular  intc-rva  s,  a,r  -  , V,,      I..,,,,  .a  UsU 

field  coil  and  o.v  ran  W  i.nv.v.-.l  in  on.  i-i-.c  !>>  Mi.KO^  I 
shaft  alonR  the  dovetail.  .!  t^i...>Nv.  a^  ni  th.' 
mcth.Ml  a(l..vt'  'l  I'V  th.'  <„  n.  va!  Kl.  < mc  (  uni- 
nanvof  Anu  iua  (m',  l'..^''  ^<'7)-  Wv  Midi  iv- 
muval  the  annatnr.'  cmN -  an  .1  l>-'  exr«'-«''l 
readily  forinsiH  It  i..n  and  repair  it  neressary. 
In  Fif;s.  245  and  24f>.  which  show  ix)rtions 

of  the  rot.M  ..|  a  J4-1'"'''  "i^" '"'""''^ 

and  IH.le  laces  are  ^till  laniinat-1.  Imt  the 

rim  ui>on  which  thev  are  Iniilt  i-  s'  lul  and 

n.nMM^o|,a.tsteen..ltednrnilytotliespi.ler 

as  shown.    To  this  rim  the  la.ninate<l  ^'r^^;^''^^,^ 
together  by  en     h  .1.-  an,l  .  n,l  ,la,e.  a,e  -';-;^>   "  ^^^^  .,,vi- 
clam,>in«  solid  rectangula.  c  ~>  ,u.,  ...  snu-     "  "  "^'  ^  ,„  „,,,,..d 

ously  not  afford  a  firm  Rrip  f..r  the  screw  ^^^^f  'lX^^^-^^'  - 
of  ^Ltruction  is  used  tor  large  la,.-. 

In  tlu'  tliii.l  nuth.d  used  bv 
Missis.  Dk  W,  K-rr  and  Co.,  and 
illustrated  in   Im«s.  247  - 1^- 

the    nia«net   cores  are   solid.  I'Ut 
,  .ui  v  laminated  pole  shoes,  whuh 
,„.■  .lox.  iait.Ml  an.l  1-  'It-''! 
<-,,i,s   alter   the   excuini;   oils  are 
placed  in  position.    The  ens  are 
Iv.lu.l  to  -"li'l  I'm-,  which  in  their 
turn  are  b 'Ucd   t.-  the  armature 
spider.    This  machine  is  a  32-lx>le 
machine. 

A  built-up  laminated  magnet  core 
and  pole  fac.  <l.  -iun.  .1  and  wi.l.  ly 
n^..l  bv  the  C.emral  I  Kctiic  Coin- 
p.>n\  ..t  America,  is  sli  wn  in  I'ip;.  24(). 
The  stamping'-,  bke  tlm^..  in  the  Dick,  Kerr  in.ichin..  juM  .VM  rilx..!  (Imr.  244). 

,    1  M  Ogether  by  massive  end  plates  secuiv.l  1.  ...n  l„n.nudma  Ih.1  s 
:    1    he  hiished  cie  is  s..  sha,..!  that  the  d„v>  ,.ul  a,       K,  .  en  W  -1  - 
i     .     eorre^p..n,Un^  ,..>.sv      th,-  rot.u  .p.l.  r.    When  all  tlu-  ere.  a.e  m 
2,  thev  .ue,  m  then  turn,  secnn  d  by  two  bolted-on  e.ul  rin^s^  as  sh^n 
n  Fig  .50.  wliich  depicts  the  .pider  bt>fore  the  cures  are  placed  m  i^ositton. 


^pidtr  re.iiiy  to  receive  Magnet 
Cote. 
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iniU  as  si;  ! 
and  each  c 
l)V  two  :-i'u 
Tlif  lin^s 
curri'ut  to  tilt' 


In  the  8<)-p>lc  75-R.  P.  M.  alternator, 

:ilr<  ailv  I'.u  tlvdt  M  rilit  a  (mV  Fiu-.  2,5^  and 
239),  till-  Hrusli  Kkiliital  i:nginicrin(; 
Company  use  solid  cores  and  pole  shoes,  as 
shown  ill  Fif,'.  251,  which  is  a  section 
tliioiij;)!  tlic  lim  and  one  of  the  cores, 
top'thcr  witli  the  .idi;u  i  iit  lui  t-  nl  thi- 
armature  or  stator,  t»»  whidi  further  re- 
ference  will  be  made  presently.  Fully 
(limcn>ion.  .1    dctaik   of    these  magnet 
cores  and  poles  are  givt  n  in  Fif,'.  25.:. 
which  also  gives  the  chief  dimensions  of 
the  flywheel  rim.    The  cores  are  oval 
in  section  or.  more  accurately  sinaking, 
thev  are  rec»r  •  nihr  with  senii<  ire nl.ir 
half  jilan  at  D, 
.  d  to  the  solid  rim 
it  ,  ()}  inches  lonp. 
ij'plyinK   the  exciting 
magnet  coils  are  shown 
on  the  left-hand  side  of  Fig.  238,  and  the 
(  Xi  iting  coils  are  wound  wth  bare  copper 
strip  on  edge,  as  explaine<l  on  page 
I  inch  wide  by  i  inch  thick,  there  being 
44  turns  on  each  core. 
It  is  interesting  to  contrast  thi-  machine  with  the  machine  built  by 
the  same  linn  for  the  same  output,  1,000  kilowatts,  and  i)criodicity,  but 
ninning  at  250  instead 

of    75    K.  V.  M.  The 

number  of  poles  is  re- 
duced from  80  to  24, 
and  the  diameter  of 
tile  rotor  from  loi  to 
244  inches.  The  higher 
SjKjed  madiine  is  shown 
in  Figs.  253  and  254- 
The  llvwlieel  rim  is 
now  east  solid  with 
the  hub  and  sjiokes, 
!)nt  t!ie  magnet  coies 
and  I'oii'  shoes  are 
laminated  and  continu- 
ous, each  cure  being 


Fig.         Sectinn  ihroagh  Field  Maunen  of 
ilrll^ll  I  .<«  «)-Kilo«att  Allcrnator. 


Fig.       -  Pcsaili  of  Core^  of  Field  Magnrls  of  Bru.h  Alternator. 


2^^ 


bolted  to  tl...  n,n       -n  V-'^^^^^ 

/•  r 
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1     l.ui  t  in  hl  ul.  -  \  A  are  attached  at  iuUi  val^ 
as  in  some  ,.n'v..n,.  ex.Knpl.  ..  In.t  t.  "  l>ia  .  armature  wind- 
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is  L'iv.  ii  ill  I'i^;-  '* 
rcn«-inl..-i..l  that  l.-tl.  n,,u  I,;,,.-  mm  .|.-i«nr.l  Lt  tl,..  sun.  ..ntimt. 

1,1  th.-  Mather  ami  I'latt  .v-n-kiluwalt  inadmir  (l  if,  .  .-41  and 
tlH-  n.af,'m-t  .-..r.s  aro  s,.li.l.  .  ad,  bt-inp  fastened  to  the  .a,.,„„1.  ,!  n.u 

,.  ,iis.  In  two  M.h~i.n>n..l  M  ,vw~.  Hm-v  are  proviacd  with  la„unated 
,.,lo  shoos."  ead.  l.-nlt  u,,  and  lu  l.l  to^.  tlu  r  between  snNtantial  end  plates 
by  four  bolts,  and  then  screwed  to  the  end  of  the  nu,^'n.  1  .  ore  l.y  three 
"3  '  _    ..news.     Tlie  i«>le 

shoes  serve  to  hold 
the  magnetising 
roils   in  jv)sition. 
1  lu'  iiiMilated  rilii^s 
lortransniittinnthe 
current  to  the  coils 
are  ■  hown  uioiiiit^ d 
ill  Fii,'. -'41.   It  may 
l)c  !ioti«l  liere  that 
thelH^aringiHHlestal 
on  the  left  of  Fig. 
241  is  placed  ^-ntt'l- 
l  iently  lar  from  the 
stator    ring,  the 
shaft  being  made 
siHcially  long  for 
tliis    ))urllo^e,  to 
allow    the  whole 
stator  to  he  lid 
aliinfi    slides  i-.o-- 
vided  for  the  pur- 
pose, thtis  uncover- 
ing for  inspection 
or  repair  the  whole 
of  the  magnets  and 
the  armature  wind- 


Kilow.ill  AUirn  ilor  (-S'l  R.  1.  M.). 


ings.    The  half-coupling  on  the  risht  is  f-r  diirct  connection  to  the  shaft 

of  the  driving  engine.  .     .,     ,  .  .-,r> 

\s  a  linal  example.  Plate  VI.  gives  similar  details  of  a  250  K.  \.A.  230 
volt's  i(,.pule  .nachine  built  l,v  M.  ssrs.  H.ii.  e  Peebles  and  Co.,  to  run  at 
'7=;  K  l>  M  \  «li-<-  w.'ll  l-ierced  with  hole,  i^  nscl  as  il.c  Inundation  ot  tlie 
i-„tu,  and  .  .li.l  coKS  and  ,«.le  laces  are  l-lUd  to  it.  Other  details  can 
,„.,ie  nnt  Iron,  the  drawing,  upon  which  some  of  the  chief  dimensions 
are  nuiked  iu  n.illinutivs  I-  should  he  compared  with  the  other  draw- 
ings buUi  lor  ix>iuls  of  leseiuDlauec  and  of  ditieiciat;. 
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WtOer-Drwrn  AUfmatofs.-  D\f  ...iff -driven  ttir»>in.  ^  wl..  tli.  r  of  ilu- 
rr  .rtinn  -r  tl..'  in.imi.r  tvin-.  in  pr.i.  ti.  al  use  lor  drivrnK  .  l.  i  tiu  al  g«wrat..rs, 
run  at  a  n.uch  l-Av.r  sik,.1  tkm  -t,  nTi-.trivrn  tiirbiiu  <.  an.!,  th.-rrf.w  the 
alternators  which  th.  v.  in  th.n  tun..  .Irivo,  api.t..Min..t.-  tu  tlu-  n>a.lMn.s 
already  <lcalt  wi'h  in  the  immeiUattly  |>rci.cUnK'  pa^.s  rath.  r  tli.m  t"  tin- 
"  turbo-altem;  ;ur*."  which  wiU  be  described  presently.  In  fa.  t,  the  water 
ttuMBM  ran  at  the  speed*  commonly  covered  by  the  sjxTil  raii^-  "t  rti  ipro- 
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eating  Steam  engines.  Tli.- .  lii-f  .liff.  r.  nro  is  that  s..mr  of  the  watt-r  turbines, 
especially,  though  not  necessarily,  those  of  the  reaction  tMK>,  drive  vertical 
shafts,  and  for  these  special  machines,  if  directly  coupled  to  lh<  >hA\, 
must  he  desiRned:  Many  water  turbines,  however,  are  mounted  on  a 
horizontal  shaft,  and  therefore  it  will  be  weU  to  describe  briefly  both 
types  of  alternators  wliicb.  in  practice,  are  invariably  of  the  rotating  field- 

magnet  type;  . 

(a)  Ilorizotital-Shaft  Hydro-Alternators.— The  rotating  part  or  completed 
rotor  of  one  of  these  sets  is  very  f,'raphically  shown  in  Fig.  ^56,  whidi  is  r.  j^ro- 
dtf  >d  from  a  photograph  taken  during  the  erection  of  the  inat  hiue  m  the 
hydro. 'lectric  generating  station  in  the  Lontsch,  in  Switzerland.   At  the 
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near  end  of  the  shaft  is  the  double  row  of  buckets  uix)n  whirli  the  pressure 
w  lU  r  will  impinge  when  the  machine  is  at  work,  and  at  the  other  is  mounted 
the  multiiK.lar  rotating  field  magnet  of  the  alternator.  The  turbme  is 
designed  to  give  6.(.<K)  ii.  P.  uhcn  running  at  375  R.  P-  M.  with  a  head  of 
1  ISO  feet  of  water,  and  the  generator  is  a  Brown,  Boven  and  t.).  machine, 
designed  for  an  output  of  5.250  K.  v.  A.  at  o-8  power  fact.^r  at  the  sanie 
speed.    Further  details  of  the     ncrator  are  given  in  Figs.  257  and  25«, 


Fi^.  i57.-Hruwn,  itoveri  Hydro-AIternat or.  5,1:0  K.  v.  *.  tx  375  k.  r.  M. 


of  which  Fig.  257  is  a  longitudinal  view,  partly  in  section,  and  Fig.  25R,  an 
end  view,  also  partly  in  section.  Both  figures  have  marked  upon  them  tlie 
pi  im  ipal  diiiuMisions  in  metres,  and  contain  a  number  of  interesting  details 
which  should  be  compared  with  the  corresponding  details,  which  have  been 
fully  referred  to  in  machines  previously  described  and  which,  therefore, 
need  not  again  be  dealt  with  minutely  here.  Perhaps  the  chief  difference 
which  will  strike  the  reader  on  making  the  comparison,  say  with  Figs.  241 
or  235,  is  that  ihe  axial  length  uf  the  tield  Iwars  a  much  greater  ratio  to  the 
dianieter  of  the  rotor.  It  must  not,  of  course,  l)e  overlooked  that  the  previous 
machines,  though  running  at  the  same,  or  about  the  same,  speed,  are  smaller 
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marliincs  of  very  much  lower  output.  It  will  l>o  noted  that  the  external 
diametor  (if  tlu'  liousinf;  is  3  9  metres  (iz  ft.  9  in.),  and  that  of  the  rot«)r 
2-48  metres  (8  ft.  \\  in.),  whilst  the  .iir-(,'ap  cle.ir.mce  is  i  cm.  ;  the  axi  d 
length  of  the  armature  iron  is  I  metre  (39  4  inches),  and  its  radial  il<  ptli 
30  cms.  (11-8  inches).  The  exciter  is  driven  by  the  same  shaft,  and  is 
carried  fm  a  bracket  overhanging  from  the  outer  liearing.  The  massive 
character  and  the  details  of  the  jiedcstals  and  bearings  should  also  be  noted. 


The  complete  set  as  installed  in  the  Lontsch  power  station  is  -liown  in 
Fig.  259,  the  height  of  the  generator  alx)ve  the  floor  being  3-4  m.  (ii  ft.  2  in.), 
and  its  width  475  m.  (15  ft.  7  in.). 

(6)  Vertical-Shaft  Hydro-Alternators.— Yox  driving  large  alli  rnators  from 
turbines  running  on  a  vertical  shaft,  the  most  convenient  plan  is  to  build 
the  alternator  with  its  shaft  also  vertical,  and  to  couple  one  shaft  directly 
to  the  other.  This  plan  h;is  been  adopted  in  nianv  p'lwer  st.itioii-^  in  whu  h 
the  separate  units  are  dynamos,  whether  for  continuous  or  alternate  currents, 
with  outputs  running  into  hundreds  or  thousands  of  kilowatts;  The  niadiines 
are  <^  the  rotating  field  type,  and  Fig.  5^  gives  a  section  of  one  wiUi  an 


tte 
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output  of  3,750  kilowatts,  or  5,000  h.  p.,  erected  some  years  ago  In  Ihe 
large  power  station  at  the  Falls  of  Niagara. 

The  figure,  to  a  great  extent,  is  self-explanatory.    It  will  be  noticed 

tliat  the  rotating  field  ma^rncts  surround  tlic  armature,  being  supported 
by  a  cone-shaped  driver,  which  is  keyed  to  the  top  of  the  upright  shaft; 
This  arrangement  has  caused  these  machines  to  be  known  as  of  the 
"  umbrella "  type.  The  magnets  are  140  inches  in  diameter,  and  are 
rotated  with  ,in  angular  velocity  of  250  R.  p.  M.,  which  gives  a  peiiplieral 
speed  of  (j,o(io  i< '  t  (or  1*7  miles)  \wr  minute.  The  yoke  ring  is  of  nic  kel 
steel,  and  the  twelve  field  poles  arc  of  solid  cast-steel  with  extended  pole 
faces  as  shown.  The  exciting  coils  are  wound  with  copper  strip,  i  inch  by 


\  inch,  set  on  edge  in  four  layers,  between  which  ventilating  passages  are 

secured  by  ajipropriate  distance  pieces.  The  exciting  current  varies  from 
50  to  80  amperes,  according  to  the  load  ;  and  as  the  resistance  of  the 
circuit  is  ij  ohms,  the  total  power  lost  by  lic  itiiu;  at  full  load  is  about 
10  kilowatts,  or  0-28  per  cent,  of  the  loaci.  The  current  is  led  into  the 
rotating  field  through  slip  rings,  which  can  be  seen  at  the  top  of  the 
machine. 

The  armature  is  stationary,  and  is  built  up  from  the  floor  of  the  dynamo 
room  round  the  central  shaft:  The  housing  into  which  the  laminated  core 
discs  arc  dovetailed  is  hollow,  and  to  carrv  off  the  heat  when  the  machine 
is  running,  water  is  continually  circulated  through  the  passages  shown  on 
the  left  of  the  figure.  For  although  the  efficiency  of  the  machine  is  98  per 
cent.,  the  2  per  cent,  lost  in  heat  requires  the  dissipation  of  75  kilowatts, 
or  100  H.  p.  Of  this  about  61  kilov\atts  are  accounted  for  by  the  copper 
and  iron  losses  of  the  armatnre,  hence  ttie  necessity  iot  special  arrangements 
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for  keeping  the  machine  cool  by  carrying  off  the  heat  gen.ratcd:  The 
armature  core  diM-s  are  provided  with  twehe  of  the  usual  air  ducts, 
each  half  an  inch  wide,  and  are  securely  cKuniHd  m  their  places  by 
end  plates  locked  to  an  upper  spider.    The  air  gap  between  arntature  and 


field  pole  face  is  %  inch  wide;  There  arc  322  slots,  each  containing,'  oiu! 
conductor,  with  a  cross-section  of  2  inches  by  V.  inch.  The  output  ut  3.750 
kilowatts  is  in  two-phase  currents  at  2,000  volts  pressure  between  the 
conducting  lines. 
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The  tipjier  and  lower  l)earinRS  are  lubricated  by  oil  pumped  through 
the  oil  pipes  shown  on  the  left-hand  side  of  the  figure,  and  are  further 
ki'pt  cool  l>y  wntcr  cirrulated  through  the  pipes  and  passages  shown  on 
the  rifjlit-hand  side.  By  the  oil  the  heat  gcner  Ued  in  the  journals  is  reduced 
to  a  mininium,  and  the  cirrulatinf;  water  carries  this  heat  away  before  it 
can  raise  the  temperature  to  a  dangerous  point; 

An  external  view  of  one  of  these  machines,  as  erected  in  the  works, 


rig.a«i.-KailiMrMMraarNi^ptta"Uaknlb''--ryp*Ak«Mtorto 

Erecting  Shop.  external  appear- 

ance of  a  large  American  machine  of  this  type  has  been  illustrated  at 
l)age  227  (Fig.  218),  and  a  European  one,  built  by  Messrs.  Brown, 
Boveri  and  Co.,  is  shown  in  Fig.J  aGa.  The  latter  machine  has  a  three- 
phase  outi)ut  of  7,000  kilowatts  at  50  f\j  when  running  at  300  r.  p.  m. 
It  is  16  feet  10  inches  in  diameter,  measured  to  the  outside  of  the  shell  of 
tlic  stator  housing,  or  18  feet  8  inches  overall  if  the  strengthening  ribs 
which  supi)ort  the  brackets  which  carry  the  top  gear  are  included.  The 
total  height  of  the  machine  above  the  floor  of  the  station  after  erection  is 
16  feet  2\  inches,  of  which  104  inches  is  the  vertical  height  of  the  alternator 
section,  the  remaining  90J  inches  being  added  by  the  continuous  current 
exciter  and  its  mountings.  The  inner  diameter  of  the  stator  is  12  feet  3J 
inches,  and  the  over-all  diameter  of  the  rotor  is  12  feet  2J  inches,  so  that 
the  air  gap  is  about  i  inch  wide,  measured  radially,  its  exact  width  being 
0-47  inch.  The  vertical  height  of  the  laminated  core  of  the  armature  is  36 
inches,  whidi  is  a  much  longer  axial  length  in  comparison  with  the  ''iameter 


of  the  Westing- 
house  Company 
at  Pittsburg,  be- 
fore being  sent 
to  Niagara,  is 
^own  in  Fig. 
261. 


In  more  re- 


cent machines, 
instead  of  the 
field  rotating 
outside  the 
armature,  the 
latter  is  placed 
in  the  same  posi- 
tion as  in  hori- 
zontal-shaf  t 
alternators, 
namely,  outside 
the  field.  The 
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than  is  usual  with  stcain-drivon  •,lo\v-^{x'0(l  altornators.  Many  details  of 
construction  are.  however,  similar  to  tliox-  alnady  desorihid  li-r  >t.aiii- 
(iriven  plant.  The  upfier  bearing  ot  the  viTtical  shaft  is  caiiud  by  the 
SIX  substantial  brackets  which  can  be  seen  projecting  inwarils  in  Fig.  262, 
and  these  also  carry  the  field  magnets  of  the  exciting  dynamo,  whose 


armature  is  carried  on  an  extension  of  the  vertical  shaft.  The  housmR 
of  the  field  magnets  of  this  machine  is  5')  iP.i  h.  s  in  diain.  tri,  and  Hktc 
is  an  upiier  platform  to  enable  the  attendant  to  adjust  tlie  l.ruslus  and 
do  other  necessary  work.  Brackets  project  inwards  below  the  level 
of  the  rotor  to  support  additional  bearings  and  the  gear  for  drivmg  the 

governor.  ,     ,    u  1 

Full  details  of  a  vertical  shaft  water  turbinc-drivcn  alternator  built  by 
the  same  firm  are  giv.  n  in  Figs.  26,5  and  264.  The  machine  .litl.  rs  from 
the  alternator  illustrated  in  Fig.  2O2.  in  the  form  of  the  housing  of  the 
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armature  or  stator,  and  also  in  not  carrying  its  exciter  on  the  end  of  the 
shaft  above  the  field  magnets  of  the  alternator.  This  simplifies  the  design 
by  (lisiMiisiiif^  with  the  sujiports  necessary  for  the  field  magnets  of  the 
txcitu-  in  other  \v;iys:  The  tigures  give  all  the  principal  dimensions. 
Fig.  26J  i)eiiig  a  vertical  section  through  the  shaft,  and  Fig.  264  a  horizontal 
plan  partly  in  section.  In  addition  to  the  dimensions  being  marked  on  the 
drawing,  a  scale  is  given  with  Fig.  263,  but  this  scale  does  net  apply  to 
I'ig.  jG-},  which  is  drawn  to  a  sliglitly  larger  one.  The  machine  is  designed 
fur  au  output  of  x,(X)o  kilowatts  at  50  fVi  when  running  at  Z20  K.  p.  u. 


I  »  I  tm 

Kig.  163.— "UmbraUa  "-Type  Revolving  Magnet  Water  TmUne-Uriven  i,cxx>-KiIo<mut  Alternator  (tM  >.  n  aji 
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It  will  be  noticed  that  the  rotating  ring  is  supported  by  twelve  spokes 
sloping  downwards  from  a  central  hub  or  cap  at  the  top  of  the  shaft,  which 
is  held  in  place  lower  down  by  vertical  bearings,  supported  by  spokes  pro- 
jecting radially  inwards  from  a  frame,  bolted  to  the  foundations  and  carrying 
the  housiiif;  of  the  armature.  The  1  tor  spider  so  built  is  usually  referred 
to  as  being  of  the  "  umbrella  "  type,  tliough  the  applicability  of  the  title  is 
not  so  strong  as  in  the  alternator  shown  in  Fig.  261.  In  the  present  case 
the  rim  is  U-shapod,  and  the  spokes  have  a  T  cross-section,  the  object  being 
to  obtain  stiffness  and  strength  combined  with  lightness.  The  magnet 
wheel  to  which  the  cores  are  bolted  is  built  in  two  halves  bolted  together, 
and  has  an  over-all  diameter  of  4-4  m.  (14  feet  5  inches).  The  cores  and 
pole  faces,  made  of  wrought  steel,  are  solid,  and  each  in  one  piece,  and  the 
completed  field  magnet  has  a  finished  diameter  of  4-988  m;  (x6  feet  4  inches) ; 
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it  revolves  inside  the  armature,  whose  internal  diameter  is  exactly  5  m., 
and  theref«>re  the  air-gap  clearance  is  only  6  mm.  (0  ->j6  inches),  which 
requires  very  can  ful  workmanship  on  ?o  large  a  machine  to  ensure  that 
it  shall  be  accurately  the  same  everywiiere.   Tliere  are  in  all  50  poles, 
the  cores  being  ea(  h  wound  with  6l  turns  of  copjxT  strip,  20  mm.  wide, 
and  3-5  mm.  tliick,  insulated  with  layers  of  paper.   A  complete  rotor, 
as  assembled  in  the  workshops,  and  ready  for  keying  to  the  shaft,  is  shown 
in  Fig.  a^is  ;  the  "  umbrella  "  appearance  is  very  marked  when  it  is  remem- 
bered that  the  shaft  upm  which  it  is  to  be  mounted  is  vertical.  The  over- 
all diameter  of  the  stator 
is  5  8  m.  (19  feet),  its 
vertical  Jieight  above  the 
suppor'  iMg  bed  plate  be- 
ing 0  65  m.  (25  6  inches). 
The  iron  of  the  magnetic 
circuit  is  of  course  lamin- 
at«l,  and  is  well  provided 
with   ventilating  ducts, 
and  there  are  150  sk)ts 
(3  1*"^  P^lf).  each  50  mm. 
wide.  This  gives  one  slot 
per  pole  per  phase,  and, 
anticipating  wmding  de- 
ta  Is,  which  are  the  sul  - 
ject  of  the  ne.\t  section, 
it  will  be  convenient  to 
record  here  that  each  slot 
contains  seven  conduc- 
tors, each  conductor  con- 
sisting of  37  strands  of 

15  mm.  wire,  the  whole  of  the  conductors  o\  each  phase  bemg  connected 
in  series  and  the  phases  connected  in  "  star." 

Some  of  the  machines  of  this  type  present  a  much  flatter  appc  arance 
than  that  shown  in  Fig.  265.  This  is  especially  the  case  with  some  of  the 
large  very  slow-speed  machines  used  in  some  of  the  American  hjdro-clectnc 
stations.  An  instance  is  given  in  Fig.  266,  reproduced  from  the  General 
Electric  Review,  which  shows  the  usual  appearance  of  a  three-phase 
machine  buUt  by  the  General  Electric  Company  of  America,  to  give  (j.ooo 
kilowatts  at  11,000  volts  between  phases  when  running  at  577  k.  p.  m. 
The  rotor  of  this  machine  resembles  those  of  slow-spted  steam-driven 
uiachines.  except  in  regard  to  axial  length,  which  is  nuich  greater. 

For  machines  of  very  large  output,  running  at  much  higher  speeds,  the 
same  company  designs  the  rotors  of  a  general  type,  which  may  be  described 


Fig.  ii^—Vtl  Tub  ud  Swrtion  of  "tJmfcrelI»"Tjrp«  i^ooo-KUowrtt 
Alternator. 


a66 


StSCTItKITY  IH  THB  SMKnCK  OP  MaM 


as  inttrmt'diatc  Ix-twicn  flvwhccl  slow-speed  rotors  and  the  rotors  of 
salifiit-})i)lc  stoain  turbo  , ilti  iii.itnis  (Irca*  care  is  taken  in  the  di'>if;n  of 
tlu;  spider,  whiih  is  buih  up  ill  soiioiis  at  right  angles  to  the  shaft,  and 

made  cither  of  cast  or  rolled 
sittl.  In  hotli  ciM'S  tlic  olijeit 
is  to  ensure  greater  uniformity 
and  homogeneousness  in  the 
material.  A  field-magnct  spider 
of  this  tyix-,  built  in  three  scc- 
ticiiis,  is  ;ho\vn  in  Fig.  2^7.  It 
is  for  a  niai  hinc  with  a  full  load 
output  of  10,000  kilowatts  at 
1 1, GOO  vultswhen  running  at  400 

R.  1'.  M. 

In  rig.  268  the  sectioning  is 
carried  farther,  for  the  spider 
illustrated  is  built  up  of  rolled 
strrl  plates,  I'lrnily  bolted  to- 
gether as  shown.  This  spider  is 
also  for  a  10,000  kilowatt 
machine,  but  bt-causo  of  the 
smalle  number  of  poles  has  to 
run  at  a  higher  speed,  namely, 
514  R.  p.  M. 

Both  the  spiders  just  de- 


tig,  lbs.—"  Umbiellii  "'-shaped  Magnet  Wheel  in 
WorkAip.  ^ 


scribed  are  finished  on  their  peripheries  with  longitudinal  grooves  intended 
to  receive  a  carefully  constructed  dovetail  on  the  lower  end  of  the  pole 
core.  The  pole  core  and  face  is  of  the  type  shown  in  Fig.  269.  Owing  to 
the  sharp  cur- 
vature of  the 
spider,  the 
angles  of  the 
dovetail  have 
to  be  carefully 
calculated  so 
that  the  neces- 
sary strength 
shall  be  se- 
cured in  the 
finished  rotor, 

for  it  must  be  remembered  that  both  magnetically  and  mechanically  the 
joint  must  be  very  sound.  The  core  and  pole  face  are  built  up  of  the  usual 
laminations,  wlucli  do  not  conduce  to  stiftness,  and  tlie  magnetising  cod. 


rig.  tft.— T«r  Siov-Spc«d  (ill  ■.  r.  a.)  },ooi>-iUiew«t  Hydto-Bltctric  AtMnatcr. 
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WiM  ^  — Ca«  St«el  Spider  for  ir.,ooo.Kilo«»ll  (400  R.  r.  m  ) 
Altern»l..r. 


as  will  be  seen  in  the  lower  fiRure.  overhanRs  by  a  fair  atimtrnt.  I  li^  1  i>t- 
nanu  <l  thr<v  liKiin  s  arc  al><>  rc  produced  from  the  (Wneral  Electric  Kcvuw. 

Tiic  alM)ve  ixampUs  will  probably  In;  sufficient  t»)  accentuate  botl»  the 
resemUancesand  thediffer- 
eiKis  Ixtwecn  fuel-driven 
and  water -driven  slow- 
sjH'cd  alternators  of  the 
niulticoil  field  tyiw. 

HoBOOoil  Fields.— 
Taking  up  next  the  ma- 
chines with  single  exciting 
coils  on  their  tuld  magnets, 
it  may  be  remarked  at  the 

outset    that  alternators 

with    such    magnets  are 

rapidly  becoming  of  his- 
torical interest  only,  and 

therefore  our  references  to 

them  here  will  l)e  brief. 

Machines  of  this  kind  with 

fixed  magnets  and  with 

rotating  armatures,  have  ,     ■   „        ,  .•  u., 

not  lH.cn  constructed,  though  mechanically,  electrically,  and  magnetically 
it  is  i)ossible.    The  reasons  already  given  for  fixiiig  the  armature  m 

the  case  of  muUicoil  fields  are 
strengthened  in  the  present 
case  by  the  inutility  of  going 
to  the  trouble  of  designing  a 
fixed  monocoij  magnet.  We 
pass  therefore  to  the  case  of 
revolving  #elds,  leaving  in- 
ductor alternators,  which  form 
an  apparent  exception  to  the 
above  statement,  to  be  dealt 
with  separately. 

Rotating  Monocoil  Field 
Magnets.  —  The  prototy;  .  of 
all  multipolar  alternators  with 
a  single  exciting  coil  is  the 
Mordey  alternator,  first  pro- 
duced in  i8S8,  and  which  in  its 
original  form  is  now  quite  his- 
Fif  =«  °/ torical.  The  field  magnet.which 
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lias  already  been 

described  in  the 
1  hapter  on  elec- 
tro-magnets {ue 
Fig.  302,  page 
338,  Vol.  I.),  has 
its  one  txcitinj,' 
coil  wound  un  a 
core  from  which 
there  radiate 
]M)lar  projections 
_         which  are  curved 

Fig,  le^— Field-Magnet  Corw  IMa— M  U—  U.r.m4         rOUUd   SO    aS  tO 

formtwoopposed 

crowns  of  pdes,  such  that  all  the  poIe»  <»  one  side  are  of  north  ptdaiity. 


n»  iltt—Anaalan  of  Monley  Altcrnatar. 
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and  all  th.K^o  on  the  other  side  are  ot  s...ul.  i-ln.ty.  I"  the  machine 
UlMtratcd  (F.K'.  271).  which  had  an  m.tp»it  of  37-5  k.U.watts  ll^^re  u..e 
oi  these  pok»  00  each  «de.  and  the  two  sides  approached  *»thm 


Ul 
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■» 

S 

5 


s 
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three-quarters  of  an  inch  of  one  another;  In  the  narrow  gap  thns  left 
the  stationary  armature  roils,  v.hich  arc  shn^^•n  in  Fie.  270,  %vcrc  placed; 
There  were  eighteen  of  Uiese  coUs.  wound  with  ribbon  copier,  0  45  >nch 
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Wkir,  on  in»rrrlain  cores,  ami  cIam|H<l  at  the  l)n)a<l  t  rid  to  ;i  li^Iif  but  firm 
framr,  the  emb  of  the  rondtirtow  of  rarh  coil  h«in),'  liroiitjht  out  tlii<iii>,'li 
IKini  l.iiii  iiisiil.itois  and  suit, il.lv  ( i.niici  ted  to^ictlicr.  Siiirc  tin  re  wt  re 
Uvi<<'  .IS  many  arinatiiif  loiN  as  tliirc  wcrt-  ixiU-s  on  one  s.ide  of  the  lidd 
mainiet,  it  fnllows  that  if  one  mil  were  exactly  in  the  pap  between  two 
o|>|xwe<l  jxtlfs  its  neighbours  uii  either  side  were  <niite  dear  of  tluse  f,'a|>s  ; 
the  mannefic  flux  throuRh  the  first  coil  was.  therefore,  a  Diaxiniuin,  whilst 
the  tlnx  through  the  adjoining'  coils  was  a  minimum.  As  the  field  magnet 
revolved  the  relative  positions  of  the  poles  and  the  armature  coils  chauKod 
rapidly,  and  the  number  of  magnetic  lines  of  force  passing'  tliniu|,'h  any 
one  of  the  latter  w  is  continually  v.iried  from  a  maxinuini  to  a  minimum, 
and  1m(  k  again  to  a  maximum,  and  so  on.  These  variations  caused  alter- 
natiiii;  i;.  m.  i  .'s  to  l)e  set  up  in  the  coils,  and  these  by  suitable  connections 
could  lie  thrown  into  an  external  circuit.  The  action  of  the  mac  hine,  tin  re- 
fore,  differed  from  those  previously  descrilnnl,  inasnuich  as  the  (urrtnts 
were  produi  t  d  iiy  ivm'ij/fods  only  of  the  maf,'netie  field  in  which  any  individu.d 
coil  was  placi  tl,  whereas  in  the  other  machines  the  currents  are  induced  by 
variations  and  rapid  reversah  of  the  field. 

In  tlif  (diiiplete  machine  (Fif,'.  27^)  the  field  niaj^n'  t  was  to  a  f,'reat 
(Mi  nt  hid.lt  n  l>y  two  nut  illic  shields,  whose  object  was  to  duniiiish  the 
an  (iirit  nts  wliirh  would  otherwise  be  set  up  by  the  rotating  jjole  pieces. 
Tl>c  lield  magnet  was  excited  by  the  current  from  a  small  Vict<  :  'a  dynamo, 
usually  placed,  as  shown  in  the  iif,'ur  \  on  tne  same  shaft  as  the  alternator. 
Thus  exciti  (1,  the  machine  f^'ave  a  current  of  17  1(;  20  ariiH'res  at  a  }X)tential 
difference  of  2,000  volts  when  running  at  650  b.  p.  m.  It  should  be  specially 
noticed  that  there  was  no  iron  in  the  armature  of  this  dynamo,  a  fact  to 
which  Mr.  Mordey  attached  f,'rcat  imi^rtanco,  as  allowing  se%eral  macliineb 
to  Ih-  coui)lcd  together  without  inconvenience,  and  also  as  having  an 
imi«>rtant  bearing  on  its  use  as  a  motor  and  on  its  efficiency. 

The  tyix;  was  at  one  time  a  favourite  one  with  manufacturers,  and 
went  through  many  mechanical  and  other  modifications  at  the  hands  of 
Mr.  C.  K.  I..  Hrown,  of  th*'  Ocrlikon  Works,  Professor  Kai)p.  Messrs.  Johnson 
and  Phillips,  Messrs.  Ferranti,  Ltd.,  and  others,  as  well  as  by  the  Brush 
Klectrical  Engineering  Company,  which  manufactured  the  original  Mordey 
m.uiiin(s.  Tlii'  most  interesting  of  these  modifications  was  ]>erhai)s  the 
•Maw  "  t\  |)e,  m  which  the  jjoles  faced  radially  outwards,  instead  of  axially, 
from  I  lie  revolving  hub,  and  were  surrounded  by  a  "housed"  armature  which 
was  not  unlike  a  modern  multi|)olar  stator.  Descriptions  of  various  typi(  al 
madiines  and  a  dimensioned  drawing  of  a  "  claw  "-type  alternator  will  be 
found  in  thr  jm  vious  editions  ..f  this  book.  Machines  excited  in  this  way 
have  been  supeiseded  by  madiines  with  multicoil  excitation,  which  is  lietter 
adapted  for  tlic  large  units  now  demanded,  and  which  has  other  advantages. 
It  will  suffice  for  our  present  purpose  to  stow  in  Fig.  27a  one  of  the  latest 
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torms  of  the  original  Mordey  machine  as  installi-il,  in  1()»h\  I  Hrush 
Elerfrlcal  EnRinwring  Company  in  the  Wandsworth  ittn-"*  talion 

of  tlu-  Cuuntv  <it  London  Eln  trir  I.ivlitiiii:  Cimiunv.    I  iint-H  were 

each  i>i  l^o  kilowatts  raparity.  (,'iviiif,'  Miii,'lr-pli,i>f  (t.ii  is  at  j.<h>o  to 
a,200  volts  and  200  inrifKls  jkt  Mr<m<i.  Tlu-  (hanp-s  in  nui  iiani(  .il  Av-\\in 
rendered  necessary  by  increased  size  ami  ^.m.  iIi  i  i  xpt  lii  m  «■  in  wcjkin^  laii 


be  traced  by  comparison  witli  Fig.  271.  The  most  pna:  Ii  " '  •  '  ■  .est  is 
the  stay  which,  springing  from  the  ixdestal,  gives  rigidity  to  \iie  frame  from 
which  the  armature  coils  projert  iinvan!.  As  the  .li^taiuc  Ix  Iwkii  the 
opposed  faces  of  the  polar  projections  is  ^-mall,  and  the  arniaiuie  coils 
occupy  the  greater  part  of  the  space,  the  necessity  for  very  exact  work- 
manship and  rigidity  of  desjf^'n  is  :ii>]iar(  nt.  In  f.ic  t,  --niiif  earlier  machines 
in  which  the  clearance  was  only  \  inch  on  either  >iili'  had  to  have  this  distance 
afterwards  increased.  It  will  he  noticed  tluit  the  shield  was  pierced  with 
holes ;  the  object  of  these  was  to  drive  cold  iiir  agamst  tlic  armature  coils. 
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and  so  to  assist  in  keeping  them  cool.  In  some  machines  little  cowls  were  fixed 
at  ♦.he  outer  ends  of  the  holes  to  catch  and  deflect  the  air  more  effectually. 

Inductor  Alternators.  -AltlKHigh  inacliiius  of  this  lypc  arc  iidt  now 
it  is  U iicved,  manufactured  by  any  of  the  principal  manulacturcrs  of  large 
machines,  their  supersession  is  so  recent  that  many  must  still  be  in  use 
in  f,'<  iu-rating  stations,  and  they  also  offer  certain  points  of  interest  which 
justify  some  little  s|iace  lieing  devoted  to  tliem.  Tlieoretically,  tliey  can 
have  either  the  multicoil  or  the  monocoil  method  of  excitation. 

(i.)  Multicoil. —  This  form  is  entirely  of  historical  interest,  the  only  actual 


DiagT.nmj  showins  Positions  of  Revolving  and  Fixed  Exciting  Coili  for  Monocoil  Field  M.igncH. 

machine  with  which  the  writer  is  acquainted  heini,'  desiLrned  by  Kiiif^'don, 
and  built  by  Woodlimise  and  Rawson  in  iSS.*^.  The  oui|iiit  was  only  50 
kiliiw.itls  at  350  R.  p.  M.,  and  to  produce  this  the  inductor  wheel  was  3.5  inches 
in  dianu  ter  and  12  inches  wide.  It  will  be  found  illustrated  and  described 
in  the  last  edition. 

(ii.)  Monocoil.  -More  iccciit  inductor  inachim  -,  iu^tcul  (]f  having  a  niul- 
ticod  field  magnet,  as  in  the  early  machine  of  Kingtlon,  were  usually  of 
the  monocoil  type,  and  as  such  may  be  regarded  as  a  natural  development 
of  the  monocoil  revolving  field  magnet  inachiiu'  of  Mmdi  y,  (lesrribcd  on 
pages  267  to  271.  In  that  macliiiie  the  magnrlic  flux  adoss  the  gap  in 
wliu  li  the  armature  coils  w>  iv  ti.xnl  would  1m;  the  same,  whether  the  exciting 
coil  were  rotating  with  the  polar  projections,  or  were  itself  stationary  whilst 
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only  the  hub  and  the  polar  horns  revolved.  If,  therefore,  it  conld  In; 
arranged  to  supi«)rt  this  exciting;  eoil  from  the  inner  ends  of  the  fixed 
armature  c()ils,  the  inductions  in  tht-  l.ittir  would  not  he  affected,  jirovided 
that  the  excitation  as  measured  in  amixre-turns  were  unaltered.  The 
two  arrangements  are  shown  diagrammatically  side  by  side  in  Figs.  273 


Fig.  275.  —  ^fordrv  Indt]  t  tr  A!iit  rit  .r,  i...  Kiluwrttt^ 


and  274.  In  Fig.  273  the  exciting  coil  v.  c  is  shown  in  its  original  i)osition 
on  the  hub  of  the  machine,  whilst  in  Fig.  274  it  is  supix)sed  to  Iw  supported 
by  some  ni(Mlianically  satisfactory  means  from  the  lianio  which  siipjx)rts 
the  fixed  armature  coils  a  A.  A  glance  at  the  two  figures  shows  the 
differences  there  are  magm  ticilly  between  llniu.  In  Ixith  tiie  ixciiing 
coil  EC  creates  a  magnetic  Hux  from  right  to  Ittt  in  tiie  space  enclosed  by 
its  windings,  and  this  flux  completes  its  circuit  by  passing  outwards  radially 
in  all  directions,  and,  after  passing  through  the  annature  windings,  coming 
70 
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radially  inwards  again.  In  this  course  in  Fig.  273  it  passes  through  coils 
A  A,  projecting  downwards  into  the  polar  gap,  whilst  in  Fig.  274  the  p(jlar 
gaM  from  iron  to  iron  are  two  in  each  circuit,  widel  separated  from  one 
another,  and  tlie  armature  coils  a  a  are  carried  on  the  laminated  stationary 
iron  close  to  these  gaps.  The  total  non-magnetic  length  in  each  magnetic 
circuit  in  Fig.  274  consists  only  of  the  requisite  distance  f  r  the  two 
mechanical  clearances,  whilst  in  Fig.  273  there  is,  in  addition,  the  thickness 
of  tlic  coils  a  a.  The  reluctance  of  the  magnetic  circuit  in  Fig.  273  will 
tlHrcforc  he  greater  than  the  reluctance  of  the  magnetic  circuit  in  Fig.  274. 
On  the  other  hand,  the  exciting  coil  E  c  in  Fig.  273  is  more  compact,  and 
will  not  waste  so  much  energy  for  the  same  number  of  ampere-tums  as  the 

exciting  roil  in  Fig.  274.  „   „    ^  -wu  *t. 

An  inductor  machine  of  this  type  designed  hy  Mr.  Mordey  and  built  by  the 

Hrush  Electrical  Engineering 
Company,  Limited,  is  shown 
in  Fig.  275,  which  represents 
a  machine  which  had  an  out- 
put of  100  kilowatts  at  2,000 
volts  when  running  at  300 
K.  P.  H.  The  magnetic  circuit 
of  the  machine  is  shown  dia- 
grammatically  in  Fig.  276, 
in  which  the  stationary  and 
revolving  parts  are  marked 
"  stator  "  and  "  rotor  "  rc- 

Fig.  J76.— Magnetic  Circuit  of  Mordiy  Inductor  AllerMtor.      spectivcly.    The  field  winding 

was  carried  by  the  fixed  or  stator  part  of  the  machine,  and  armature  coils 
wire  only  placed  near  one  of  the  two  magnetic  gaps,  f  g,  which  neces- 
sarily exist  in  the  magnetic  circuit.  The  sectional  drawing  has  therefore  a 
curious  one-sided  appearance.  The  position  and  number  of  the  inductors 
n-latively  to  the  armature  coils  is  shown  in  the  side  view  on  the  right.  It 
was  the  same  as  with  the  polar  projections  and  armature  coils  of  the 
monocoil  n  volving-field  tyiie— that  is,  the  armature  coils  were  twice  as 
many  as  tlie  inductors.  As  the  inductors  were  always  of  the  same 
[..  I  niiy  the  number  of  alternations  per  revolution  in  each  armature 
<<mI  was  the  same  as  tlie  number  of  inductors,  a  rule  different  from 
th.it  which  obtained  in  multicoil  machines  of  the  ordinary  type.  The 
number  of  inductors  in  tlie  machine  shown  in  Fig.  275  was  ten,  and 
tluicfue  the  current  produced  at  the  given  speed  had  a  periodicity 
of  50  r\i. 

The  alternators  wore  built  in  sizes  of  from  I'n  to  i.ooo  kilowatts  and 
sjKeds  of  300  to  100  K.  v.  M.,  but  m  the  larger  machines  the  pattern  was 
modified  as  shown  in  Fig.  277,  so  that  two  armature  coils  were  introduced 
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near  cacli  magnetic  air 
gap.  The  modification 
gives  a  more  balanced 
appearance  to  the  de- 
sign. 

The  general  ar- 
rangement of  field  coil, 
armature  windings  and 

rotating  poles  in  many 
inductor  alternators  is 
as  shown  in  Fig.  278, 
which  represents  a 
section  through  these 
parts  of  a  33o-kilo\vatt  machine.  In  this  case  th(-  rotating;  jmli-  wdo 
laminated  to  a  greater  depth  tlian  in  tlie  precedmg  example,  ami  tiny 
were  attachrd  +0  a  flywheel  rim  in  much  the  same  way  as  the  cores  of 
revolving  ficl  magnets.  The  method  of  damping  the  armatnie  stamp- 
ings can  be  traced,  the  core  In-ing  slotted  at  tlie  working  face  to  rtrrive 
an  ordinary  three-phase  winding.  The  exciting  coil  was  held  in  it>  pl.ue 
by  the  connecting  yoke,  but  it  was  so  far  separate  therefrom  that  some- 
times it  was  the  first  p  rt  of  the  stationary  section  of  the  machine  to  Iw 

set  up,  tlic  yoke  and  arni.itnre 
parts  being  assi  nibied  aromul  it. 

The  variations  in  th.  -  tails 
of  these  machines  as  (li  signed 
by  different  mamifacturers  were 
numerous,  but  sjiace  will  not 
permit  their  description  with 
full    particulars ;    nor   is  this 
neces'^arv,  as  the  iiKiditK  ations 
were    chiefly   medianical.  It 
will  perhaps  suffice  to  notice 
how  the  constriK  tion  was  modi- 
fied  when    the    machine  was 
turned  over  so  that  the  shaft 
became    vertical,    a  position 
readily  applicable,  as  we  have 
already  j"'intrd  out  (sfc  i)agcs 
257  and  259),  for  driving  large 
machines  by  water  turbines. 
Fig.  279*  is  a  drawint;  halt  in 

•  Tilt  EUitrician,  V.<1.  XXXVill., 
rig.  «8.-SeclJon  tht<w«h  t»-K.  w.  IndsMar  Kmm>»  _  „  ,,e„,. 
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elevation  and  half  in  section  of  such  a  vertically  drivi-ii  in.ulime  tiscd 
at  Rheinfelden,  the  large  water-power  station  at  the  Falls  of  the  Kliine. 


•A 

In  this  case,  wliicn  slionid  l>o  foinpait  d  w  illi  tluit  dt  jiic  led  in  Fig.  2^3, 
the  outer  {nunv  cf  tb.i'  ininhino.  C'lntaininL'  Ih''  annature  windings  and 
the  fixed  exciting  loil,  was  lixed,  and  only  the  large  inner  inductor  revolved. 
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r*  aEo.— Rhwiifililtn  Alternator,  Se<  li..n  of  MagiMtic 
Circuit. 


A  cross-swtion  sliowint,',  on  a  largir  scalo,  the  end  <>f  tin-  iiuliicttir  wliii  l 
and  the  armature  and  cxiitin{(  coils  is  given  in  Fig.  280.    The  dynaniu 

shaft  coupled  directly  to  the  top   ■ 

of  the  turlMne  shaft  was  helil  in 
plaie  l>y  two  iRMrint,'>,  one  Ih  iu  mUi 
tlie  machine  and  the  other  carried 
by  the  strong  cast-iron  girders 
wliiih  spring  frcin  the  U>\i^  nf  tlic 
columns  whicli  supjxirt  the  .irnia- 
tuie  frame.  The  weight,  not  only 
of  the  inductor  wheel,  but  of  the 
shaft  and  the  nwving  parts  of 
the  turbines,  amounting  to  55  t(in>-, 
was  borne  by  the  lower  of  these 
two   bearings,  which   was  kept 
lubricated  with  oil  foncd  into  tlio 
hollow  space  in  the  tx  aring  at  a 
pressure  of  350  ins.  per  scpiarc 
inch;   The  cast-iron  yoke  of  the 
fixed  armature  coils  was  in  eight 
quadrantal  sections,  four  for  the  upper  part  and  fmir  for  the  louer ;  these 

wen-  Lolttd  tot;ithir  as  shown 
in  the  tigiires,  and  each  (iiiail- 
rantal  pair  was  supiH)rted  by 
two  columns  bediled  in  cement. 
\Vli<?!i  joined  >ip,  tlir  machine 
was  269  inches  (iz  feet  5  iui  lies) 
in  diameter,  the  outer  diameter 
ol  the  rcvi'lviiit,'  inductor  InMUg 
2-7  imlies  (18  feet  II  indies). 
The  t  \citnig  coil  was  built  in 
silit  on  each  alternator  casting 
after  the  latter  was  erected; 
the  .  "il  wa>  le,  r-ed  in  tlie 
hxed  iron  that  the  inductor 
wheel  could  be  lifted  clear  out 
wiihout  ili-tui!'ing  it.  Tlie 
various  diiiit nylons  given  in 
Fig.  279  are  in  millimetres. 

i:,i(  h  of  these  dynamos  was 
d(  >i).;iu  (l  tor  a  three-phase  out- 
put of  720  kilovolt-ampcres,  or  5S0  kilowatts,  with  a  j.ower  1  lor  of  o  .s, 
at  a  5i)eed  of  55  r.  p.  m.,  and  a  periodicity  of  50  f\;.    Tlie  pressure  on 


Fi(.  tSi.— Indi"M  Wheel  of  «  tjvge  Altrmator. 
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each  star-connected  phase  was  3,900  volts,  which  gives  a  pressure,  allowing 
for  phase  difference,  of  6,800  volts  between  the  line  wires. 

Instead  of  illustrating  the  inductor  wheel  of  this  dynamo  further,  we 
give  in  I'if,'.  2S1  an  illustration  of  a  sertical  inductor  wh?H;l  for  a  750-kilowatt 
dynamo  whilst  under  construction.  This  gives  a  fair  idea  of  one  of  these 
inductors  when  separate  from  its  surrounding  armature  and  excitation  coils. 

Armature  Details.— We  pass  next  to  the  other  part  of  the  magnetic 
circuit,  namely,  that  belonging  to  the  armature,  which,  as  already  explained, 
consists,  as  a  rule,  of  iron  laminations  clamped  in  a  supporting  frame  or 

housing.  Details 

 ^.  of  the  laminations, 

_i  *j«         the  housing,  and 


the  methods  of 
clamping  have 
already  ap- 
peared in  several 
of  the  illustrations 
used  for  explaining 
other  details,  and 
the  reader  is  now 
referred  again  to 
these  in  connec- 
tion with  this  part 
of  the  subject. 

To  make  the 
information  quite 
definite  for  one 
typical  machine. 
Figs.  282  to  288 
give  dimensioned 


Fig.  a82. — Armature  Stamping  of  Crcmpton  Alternator. 


sketches  of  various  parts  of  the  magnetic  circuit  of  the  Crompton  500- 
kilowati  alternator  (Plate  V.),  already  partly  dealt  with  in  connection 
with  its  held  magnets  {see  page  249).  Beginning  with  the"  armature 
stampings,  Fig.  282  shows,  with  all  necessary  dimensions,  the  principal 
stamping  used  in  the  armature.  Each  stamping  contains  seventeen  slots 
and  two  half-slots,  and  covers  a  span  of  36°.  Ten  sections  will  therefore 
complete  a  circle  of  180  slots.  The  iron  is  9J  inches  radially  from  front  to 
back  and  is  stamped  from  sheets  having  a  thickness  of  18  mils.  (  018  inch). 
The  extreme  radii  for  the  36°  are  shown  in  the  drawing,  and  it  will  be 
noticed  that  the  stamping  sto;)s  sliort  of  these  radii  with  -jV  inch  clearance 
at  each  end;  The  principal  or  "A"  stamping,  shown  in  Fig.  282,  is,  how- 
ever, not  the  only  one  used,  for  it  must  be  remembered  that  the  armature 
ring  is  in  two  halves  divided  along  a  horisiHital  diameter.   Now  isx  the 
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same  reasons  which  hold  in  regard  to  continuous  current  armatures  {ies 
page  J3)  it  is  necessary,  in  assembling  the  stampings  to  form  the  ring,  to 
"  break  joint in  alternate  layers,  and  a  momt  nt  s  rertection  will  show 


Method  of  assembling  Sumpings  tat  Atnuuun  Ci>r& 

that  this  cannot  be  done  in  this  case  with  the  stampings  of  Fij,'.  2^2.  Stamp- 
ings of  about  half  the  size,  rontaining  eight  slots  and  two  half-slots,  and 
known  as  "  C  "  stampings,  are  tlierefore  used.  These  stampings,  hke  tlie 
"  A  "  stampings,  have  ^ 
inch  clearance  on  the  right- 
hand  side  ;  but  on  the  left- 
hand  side  they  project  J 
inch  beyond  the  median 
radius  of  the  last  slot  or 
half-slot.    Still  another  set 


Fig.  185.— DelaiU  of  Armature  Core.  Housing,  etc,  in  Crompton 
Alternator. 


of  stampings,  the  "B"  stampings,  is  tisod  of  the  full  size  and  pattern  of 
the  "  A  "  stampings,  except  that  lik  ?  the  "  C  "  stampings  they  project 
I  inch  at  one  end  instead  of  having      inch  clearance  at  that  end. 

The  tise  of  tiiese  three  sets  of  stampings  will  be  understood  from  an 
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inspection  of  Figs.  283  and  284,  which  give  the  scheme  for  building  up  the 
layers  of  the  stampings,  which  are  to  be  alternately  as  directed  by  Fig. 

2."^.5  and  l)y  I'if;.  2S4.  Thus  a  layir  ( onsistinf,'  of  four  "  A  "  ])latcs  with 
tw<f  "  C",  "  i)Iates  at  the  ends,  is  to  be  followed  by  a  layer  of  tliiee  "  A  " 
plates,  with  two  "  B"  plates  at  the  end  ;  then  the  four  "  A  "  ])lates  and 
two  "  C  "  plates  again ;  and  so  on  until  the  full  thickness  of  20  inches  is 
built  up.  It  will  now  be  seen  that  the  extra  size  of  the  "  B  "  and  "  C  " 
pl.itis.  which  an;  always  at  the  end  of  the  semi-circular  ring,  is  to  provide 
tlic  metal  for  luaehininy  and  littiiig  tJie  joint  accurately,  a  very  impor- 
tant matter. 

The  stampings,  when 
assembled,  are  damped  to- 
gether  in  the  frame  as 
shown  in  the  sectioned  left- 
hand  drawing  on  Plate  V., 
jiart  of  which,  with  all  the 
dimensions  given,  is  repro- 
duced in  Fig.  285.  It  will 
be  seen  that  the  stampings 
are  arranged  in  seven  groups, 
each  z  J  inches  thick  with  six 
ventilating  ducts  each  -{^ 
inch  wide  between  them; 
The  over-all  width  of  the 
laminations  is  therefore  20  J 
indies;  but  the  effective 
cross-section  of  the  iron 
is  2 1  inches  less,  plus 
the  space  lost  in  the  in- 

Fig.  a86.-Sfclion  of  Ma^inet  Core,  Rim,  etc,  of  Crompton  Alternator.   sulatioH   bctwecn  SUCCeS* 

sive  layers.    These  laminations  are  clamped  to  the  frame  in  the  manner 

shown  in  ilie  drawings  by  one-inch  studs  insulated  fron;  tlu  m  by  tubes  of 
Iiresspalin  zf,  millimetres  thick,  the  stud  nuts  clamping  down  on  washers 
of  i)ressp;ilin  of  the  same  thickness,  and  being  covered  by  mica  cups  inch 
thick.  The  studs  are  26  inches  long,  and  the  presspahn  tubes  24  5  inches. 
The  care  taken  to  insulate  these  studs  from  the  armature  iron  should  be 
noted.  Other  details  in  the  draw  ing  connected  with  the  armature  windings 
will  be  referred  to  in  the  next  section. 

To  complete  the  details  of  the  maj^etic  circuit  of  this  particular  machine, 
Figs.  286  to  2f<S  give  dimensioned  sketches  of  the  field  magnet  part  of  it; 
Fig.  286  IS  an  eiilarnvtl  ilrawing  of  a  part  of  Plate  V.,  with  the  dimensions 
added  ;  iMg,  jS;  gives  s(>me  further  details  of  the  field  magnets  as  viewed 
at  right  angles  to  the  shaft,  and  Fig.  288  also,  in  its  principal  drawing,  gives  a 
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view  of  the  end  plate  at  liglit  angles  to  the  ^haft.    The  sl.aiH-  iii.l  dinun- 
sions  of  thn  i)lates  which  form  the  laminations  can  Iwst  \>c  made  out  from 
Fi".  2,sS.    TlH>e  Kmiiii  .licns  miv  ux-'S  mils.  (,'„  inch)  thick,  which  is  much 
tliil'ker  than  the  anu.ituf  l.mimaliuiis  (18  mils.).    Their  over-all  thickness 
is  30  inches,  and  they  are  .  l.imped  togeth.  r  l.y  no  I.  uei  th.m  t.mite.  ii  iiv.  ts. 
"  imh  diameter,  twelve  of  which  are  2\\ inches  lon^.  and  two— those  whuh 
n  i^s  over  the  rim  lK)lts— inches  long.   There  are.  in  addifion,  two  bolts 
at  the     .le  tii.s,  20  indies  l.v  I  iiu  li.    In  Fit;.  j><S  1.        >lM.\vn  lli.-  si.acc 
available  for  tlie  magnetising  coils  and  tlie  method  ui  bninjing  out  the  con- 
nection from  the  lower- 
most layer.    In  Ti^.  iS() 
are  shown  the  lv.>lts  wliii  li 
clamp  the  laminated  eore 
t(i  the  rim;  these  holts 
are  11  i  iiu  hes  long  by  \  \ 
inches  in  (lianietir,  and 
are  screwed  for  4  inches 
of  their  length.    In  view 
of  the  thickness  of  the 
laminati(ms  (,V  inch)  the 
bolts  are  screwed  directly 
into   the    liuilt-np  core 
without  any  special  pro- 
vision such  as  may  be 
seen  in  the  drawiiii^s  of 
some  of   the  other 
inach  i  11  e  s.    The  three 
figures  will  repay  carelul 
study  and  comparison. 
Finally,    as  perhaps 


Fig.  287.— Field  Magneli  of  Cromplon  Atttrnator. 


the  ino>t  iini)ortant  part  of  the  magnetic  circuit,  the  air-gap  clearance  from 
iron  to  iron  at  the  crown  of  the  jM.le  sinus  is  indi.  The  external  dia- 
meter of  the  rotor  is  therefore  only  \  inch  less  than  the  internal  diameter 
of  the  armature,  which,  as  already  mentioned,  is  8  feet.  It  is  essential, 
therelore,  that  the  workmanship  should  be  both  excellent  and  accurate.  ^ 
As  wc  have  now  given  full  i)articulars  of  the  magnetic  circuit  of  this 
machine,  the  following  data  regauling  the  cxdtatioii  circuit  will  be  of 
interest.  The  sj.ace  available  for  the  excitation  coils  is  clearly  shown  in  Fig. 
2.SS.  riie  coils  are  wound  with  four  layers  of  wire,  the  conductor  being 
o-jf)  inch  in  dianu  ter  and  insulated  in  the  u-sual  way,  to  which  alluMon  is 
made  elsewhere.  There  are  io  turns  in  each  layer,  and  therelore  .So  turns 
on  each  ix)le.  The  20  coils  are  connected  in  scries,  which  ensures  that 
the  same  current  shall  be  suppUed  to  -achj   The  point  ^ould  be  noted, 
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for  If  they  wore  joined  either  in  parallel  ..r  in  any  >.  :  fes-parallel  combination 
tli.  re  woul.l  I,..  ^Meat  probability,  owin/?  to  small  differences  in  resistance 
tlut  the  currents  in  the  various  coils  would  be  different,  thus  destroying  flu' 
magnetic  balance  with  results  which  might  be  disastrous.  The  coils  bi  Iiil' 
joined  m  series  aa-  at  full  load  supplied  with  current  at  a  pressure  of 
loo  volts  from  the  c.  c.  dynamos  shown  on  the  end  of  the  shaft  on  Plate  V 
One  important  instructioa  is  given  which  at  first  sight  appears  far  to<J 

:iiiSXi:!,^-iZi::£':?T£i'.  ""'""''^       ''-i^'^'  -"'V  practical 

i.t.^^M,mmi>^mt.m^  .' M^.'u':^;'*  "iMxirtance.  It  is  that  in  work- 
■     —  '  j'i^i^^ilCpT''  F'g-  287  great  care  shall 

"~  be  taken  that  on  the  vertical 

centre  of  the  machine  along 
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the  radial  line  a.  the  centre  of  a  slot  s  on  the  armature,  -..e  centre  line 
■s  a  held  core  N.  one  of  the  coupUng  bolts  holes  at  b  and  a  kev^vay  on  Uae 
si  aft  must  come  exactly  below  one  another,  as  shown,  tlie  slot  selected 
lHint(  that  containing  the  outer  conductors  of  phase  A.  The  reason  for 
tli.s  minute  care  is  to  ensure  the  easier  synchronising  of  machines  which 

arc  to  he  run  in  parallel  and  the  minimising  of  hunting  troubles,  a  subject 

which  will  be  dealt  with  in  due  course. 

Armature  S/ampings. -The  general  shai,e  of  the  armature  stampings 

^^■uu  ll  compieie  ii,e  nia^-netic  circuits  ot  other  machines  can,  as  a  rule  be 

raado  out  from  the  drawings  already  given,  though  the  exact  number  'and 
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Fig.  189.  — Delafl*  of  in  Annalurr  Stam|>liiC> 


.l.anc  of  the  slots  is  not  a  ways  ainui.nt.  Tli.'  luimlH-r  of  slots  iht  i"  !-' 
,l.  ',»ncl9  on  the  windinR.  whether  single,  two-,  or  tin. .  -ph..-  .  ..wl  -n.-  ol 
tl  i  neccssarv  m,,  ,  if.,  ;,iions  of  a  machine  is  the  numU-r  of  slots  ih  t  H*- 

H-r  Phase.  The  n.nnUr  of  slots  p  r  i^Ac  must  therefore  l«  a  multiple  of 
two  or  three  for  polyphase  winding,  but  .  an  l.c  any  convenient  number  lor 

1 II  t;l  e  -  phase 
\v<  irk. 

A  f  nlly 
dimensioned  ex- 
ample   of     an  ' 

armature  staiiii>- 

ing,  as  used  m 

the  Crompton  al- 

tcrnator  (Plate 

V.)  has  been 

given  in  Fig.  2S2. 

Another  example 

for  a  three-phase 

m  u  hine  is  given  w  ^ .  n 

in  1-ig  'ho  It  contains  eighteen  slots,  and  h;is  a  span  ciual  to  twirc  the 
™,le  pitch,  being  Ik  1.1  in  p.sition  by  three  holts  i.iu.illy  spa.  r.l  vMth  l.ltc.  n 
similar  bolts  in  the  whole  armature,  an  arrangement  whuh  allows,  lor 
rca^^us  previously  set  forth  (see  page  33).  the  breaking  of  the  joints  as 
'  I  the  stampings 

are  being 
threaded  on. 

Another 
fully  -  dimen- 
sioned draw- 
i  n  g  of  an 
alter. :ator 
armature 
stamping  is 
givin  in  Tii;. 

V,g.  2,3.  -  Aimalnrr  Slainpln^  of  l'«l.les  Alleriutur  (..«  I'lalc  Vl.>.  yvliiil, 

will  also  be  found  some  shop  instructions  and  particulars  not  without 
interest.  The  illustration  shows  one  of  the  >tampm^:s  ,,f  the  Hiu.c 
I'.-cl.les  ^^o-K.  V.  A.  alternator  dealt  with  in  Plate  VI.,  and  the  dimensions 
are  given'  in  miUimcres.  Each  stamping  covers  an  arc  of  60°  and  is 
secured  to  the  housing  by  dovetails,  of  whi.h  there  a.e  two  for  each 
stamping,  their  exact  dimensions  being  given  in  the  figure.  It  wU.  be 
found  instructive  to  refer  to  the  cross-section  oi  the  armature  core  given 
on  Plate  VI4 


^4^}  ■•     -  '^'ri.e 
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F(irthor  rpfprrncc  will  Ik?  made  to  details  of  armatiiic  stampings,  slots, 
ctr.,  whrii  tlif  -^iiliji  i  t  of  armatiuf  vi  iniliii^;->  is  utuli  r  disi  ussion  (sic  i>anc  296), 
Init  we  K'lve  as  a  liiial  fxainple  litre,  in  Fig.  jyi,  imc  of  the  stomiHngs  oi 
the  larjjc  slow-s|iced  i,uui>-kiluwatt  Brash  alternator,  whose  field  magnets 
li  ivc  ,ilr.  ,iilv  Ik  i  n  describi'd  uul  illustrated  (m-.  I'lf;^.  .>5i  to  254).  As  the 
iiiii.  r  -uii.ii  .•  lit  this  stator  has  a  diatnttcr  of  17  iiet,  as  many  as  30  stamp- 
inn>  an  I.  quired  to  coiiiiilt  te  one  annular  disc,  and  therefore  each  stamp- 
iiiji  whu  li  has  a  span  of  n"  only  has  much  less  curvature  than  any  of  the 
staniiimi,'-^  intvioiisly  illustrated.  The  dinn  nsiop  -  .;ivt  ti  allow  a  clearance 
of  ()  ()4  iiK  h  I'.  ,11  stampings.  There  are  two  holt-holes  in  each  stamp- 
ing' for  sc.  iiruit,'  the  huilt-up  core  to  the  frame.  The  shape  of  the  slots  is 
ilifferent  from  any  previously  illustrated,  as  the  two  sides  are  not  sym- 
metrical near  the  gap,  the  ovt-rhang  being  much  greater  a  one  side  than 
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on  the  oth.T.  as  can  he  more  clearly  seen  in  Fig.  292,  which  is  a  full-size  draw- 
in;,'  of  one  of  the  slots.  ;uid  may  well  be  comiiand  with  the  enlar^'ed  draw- 
inj;  of  tlie  slot  of  the  Cromjiton  alternator  j,'iveu  ii;  2Sj.  The  influence 
of  this  piujr.  iim;  iron  ^-nd  the  ioiisr(|ueiit  narrnwiii,^'  of  the  slot-gap  on  the 
magnetic  flux  as  it  sv.cei)>  over  the  slots  should  be  studied. 

ni.     Tilt;  MACNKTIC  circuit:  TfKHO-ALTERNATORS 

The  high  sjx-ed  of  steam  turbines  makes  them  particularly  suitable 
for  producing  alternate  currents  of  the  periodicity  now  urually  employed 
in  enginei  riiiL,'  hv  means  of  alternators  with  a  comparatively  small 
numbtr  of  poles,  and  very  similar  to  continuous  current  machines.  At 
100  R.  p.  M.  each  pair  of  poles,  altern.itely  n  and  s,  will  give  only  i§ 
periods  per  second.  If,  therefore,  an  annat.ue  n  volving  at  this 
speed  in  a  nmltii)olar  tield  is  reijuired  to  deliver  currents  at  a  periodi- 
city of  40  ru,  the  tield  in  whidi  it  is  placed  must  consist  of  24  pairs 
of  poles,  or  48  poles  alternately  n  and  s.   For  higher  periodicities,  a  cctf- 
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nspomlinRly  greater  number  «(  p..lts  wouUl  be  rcciuiml;  wlnl-l.  <in  tlif 
otliiT  hand,  if  the  »pml  bp  ino-fastHl,  the  number  of  pi.l.  s  n.  ccssiiy  (or 
.iiiv  ilisinil  |x  ri...lirity  can  be  pn»porti«>na!ly  «Umini-lui|.  With  a  prime 
mover,  siuli  a-  i  '■tt  am  turbine,  whicli  gives  us  rea.lilv  >ix  .  il-*  of  2,o<ni 
R.  P.  M.  ami  uinv.iiil-,  it  is  i  vidi  nt  that  a  bijv.lar  iiia(  hiii'  will  iMi.ihiK- 
ciirn  nts  of  th.-  lower  peri(Klicitie!*.  about  40  cycles  p«  r  s.  con<l.  now  in 
common  use.  wliilst  a  four-pole  machine  will  be  suflfirient  at  a  spi-ed  of 
3,0(1.1  R.  P.  M.  to  ^'ivf  a  p  iiiKhritv  of  kki. 

In  the  last  edition  of  this  Iniok  there  was  ilhi>tiatitl  a  fnir  jiole  350- 
kilowatt  Parsons  turbo-alternator,  with  a  hx..l  ti.ld  ami  i.  v.  living'  arnia- 
tiin',  the  sp«M(l  U  inu  z.^J(^^  R.  P.  M.,  ami  the  |xriiHlicity  therefore  02 
More  recent  practice  lias  devi  lojH'd  in  the  tlirection  of  fixed  annatJins 
ami  revolvinR  fields,  but  whichever  arrani,'.  m.  nt  Ix  a(l"iit.  «l  tli-  hii^h 
>jHed  of  the  rotor,  as  in  continuous  current  dynamos,  intriHluccs  nu  chamcal 
]ii.pl>lems  the  solution  of  which  profoundly  mn<lifies  the  details  of  the 

Dealing  with  rotating  field  magnets,  the  dn.f  .luliuiltv  h  to  .li-i-n 
them  90  that  whilst  providing  ample  ventilation  lot  th.  winding-,  tli<  v 
shall  be  mechanirally  strong  enough  to  withstand  the  heavy  rentritugal 
stresses  insejiarable  from  high  six  eds,  and  also  Iw  sufficiently  solid  to  pre- 
vent any  relati-  •  nmoinriit  of  their  conipimiiit  i..iit-,  wlii(h  woidd  U- 
.ipt  to  disturb  the  balance  which  is  so  important  in  all  high-siK<ed  machiiu  iy. 
These  bring  tlic  conditions,  there  are  two  chief  methwls  of  meeting  them. 
(Vie  is  by  u-iiig  the  s,ili<'nt  iv'lf-  "f  the  >l(.wiT-'-|)c(-d  iii.uhinr-.  wiili  tli-  ir 
cores  projecting  from  a  central  hub  and  surrounded  by  siiit.iMr  iii.iL'iiri i^in^ 
coils.  The  other  type  is  externally  a  smooth  cylinder,  j.r.  -.  iu  ng  no 
projecting  edges  ur  surf  u cs  whii  li  may  stir  up  energy- wasting  eddies  of  air, 

Cylindric  Field  M<ii;iu  ls  (Rotors).  ~Thi9.  cylindric  tyjie  has  two  sub- 
divisions, in  one  of  wliicli  the  core  is  f-irnu  d  of  <  .ucfiillv  s.  1.  rtcd  ciidilar 
stampings  of  sheet  steel  rigidly  Ix^lted  together  .is  for  .m  anii.ilure,  and 
tlie  other  is  machined  otit  of  a  solid  steel  forging.  Tin-  advocates  of  the 
former  assert  that  with  llie  Stampings  they  olitaiu  a  nioic  hoiiint,'.  !ir.Mis 
lv)dy  for  their  magnets,  free  from  flaws  or  btou-l,..!,  whu  li  ni.iy  « xi-t 
unsusiiected  in  forgings  or  castings;  whilst  those  who  adopt  the  l.itter 
Kiiisidcr  that  any  such  risk  is  more  than  rciwid  by  greater  mechanical 
strength  and  less  liability  for  any  relative  motion  of  the  parts.  For  large 
machines  a  method  intermediate  between  the  List  two  is  adoj.ted.  lii 
this  method,  whilst  a  very  substantial  forged-steel  hub  is  proviiled,  the 
cylinder  is  built  up  to  its  fidl  size  with  steel  plates  carried  on  the  hub. 

Taking,  first,  the  full  snhd  method  of  eonstrm  1  i'  li,  whith  used  for 
machines  of  small  outjnit,  Fig.  293  show^  i  mr  dilten  nt  stages  in  the  roii- 
structjon  of  such  a  field  magnet  as  carri.  d  out  by  M.  .  Brown,  Hoveri 
and  Co.   In  A  we  have  the  solid  steel  lorging  machined  in  a  solid  cylin- 
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der,  r-.Kiy  for  llie  subsequent  operations.    Next  is  seen  the  same  cylinder 
with  (I.vp  poiiphonil  firooves  cut  in  planes  at  riglit  angles  to  the  axis  to 
a-,sf  the  v<ntil,,ti„„.    In  c  the  sam.^  cylinder  has  longitudinal  grooves 
nulled  out  parallel  to  the  axis  for  the  reception  of  the  copjxr  exTitin.- 
c.ils.   These  grooves  do  not  extend  all  round  the  p,iiphery   hut  onK 
where  the  copjwr  winding-^  are  required,  the  ceufr.il  jv.lc  faci's'  hoin"  hit 
ungrooved  for  obvious  reasons.    Lastly,  at  D,  we  have  the  completed 
h.^l.l  magnet  with  the  ends  finished  off  with  gun-metal  caps,  which  help 
to  hold  the  windings  in  their  place  and,  entirely  covering  the  .  n,l  r,,n- 
ncctions,  further  diminish  the  air  friction.    The  slip  rings  for  takmg  the 
current  to  an<l  from  the  windings  are  placed  one  at  either  end  •  they  are 
of  cast  steel,  but  are  sometimes  faced  with  copper.    The  conductor  carry- 
mg  the  current  to  the  windings  is  held  down  tightly,  and  no  part  of  it  is 
exposed;  it  is  practically  impossible  for  it  to  be  displaced  whilst  the 
machine  is  running,  however  high  the  sj)eed. 


»M.— ConfciieHoo  of  Rotors  for  Sman  TurbcAlttrnaiors. 

Fuller  details  of  a  similar  field  magnet,  as  manufactured  by  the  Electric 
CoTistniction  Company,  of  Wolverhampton,  are  given  in  Plate  VII  (Figs 
294  and  295),  which  gives  scale  drawings,  partly  in  section,  of  a  four-pt.le 
2.ot)o-K.  V.  A.  machine,  designed  for  6,600  volts,  with  a  periodicity  of  50  fv, 
at  1,500  R.  p.  M.    In  this  case  the  solid  hub  is  keyed  and  probably  shrunk  on 
to  the  shaft,  being  then  grooved  as  shown  both  radially  for  ventilation  (Fig 
2iH)  and  longitudinally  for  the  field  windings  (Fig.  295).  which  are  clearly 
shown  in  section  in  their  places.    The  ventilation  is  still  further  assisted  by- 
large  holes  H  H,  bored  nearly  half-way  through  the  solid  hub  from  each 
.  Md  and  parallel  to  the  axis.    There  are  four  coils  per  pole,  and  the  longi- 
tiuiinal  slots  in  which  they  lie  are  not  in  diametral  planes  as  in  tlios,.  l-.st 
described,  but  m  eccentric  pLines  at  right  angles  to  one  another  for  tlu. 
ftmr  sets  of  coils.    Ky  this  device  the  former-wound  cik  ran  be  .lipped 
nito  their  positions  without  deformation.    The  end  connections  of  the 
coils  »  xc,  pt  the  outermost  in  each  case,  are  also  embedded  in  slots  which 
he  111  planes  (Fig.  294)  at  right  angles  to  the  shaft,  and  parallel  to  the 
ventilating  ducts.   The  outermost  connection,    re  held  in  place  b%-  gun- 
metal  caps  weU  screwed  down.   AU  the  buriv  ;  .vindings  are  held  in  place 


CrtisDKK  Field  Magnets  for  TuRBo  Ai.rf.KSAroKs  2R7 

bv  substantial  wood.n  wait;,  s  wluch  K  ar  against  undercut  surfaces  in 
the  crooves  which  hold  them  aKain>t  w  ntnfugal  forces. 

The  completed  rotor,  the  magnetic  core  of  %vhi.  h  .s  5-4  >"<-l';;  1-"^'; 
i.  shown  in  Fig.  206,  in  which  the  gun-metal  cappmg-  ..ver  the  e.ul 
windings  can  be  clearly  seen.  Other  details  of  the  machmc  are  given  else- 
where (s«  page  295). 


1%.  S4<.-FMd  MagMt  0<  E.C.C.  j,«x>.k.  v.  a.  Alttmatcir. 


The  method  of  building  up  the  carcase  of  ^^'""^"''1^  r  .on.  t  S^ 
machine,  by  Brown.  Boveri  and  Co.  is  shown  in  F.g.  ^97-  P'f 
™e  assemb  ed  on  a  substantial  hub  shrunk  upon  the  two  ends  of  a  steel 
^'.fHnd  are  held  m  pos.t.on  by  heavy  longitudinal  '^-  V'^es'  rXi 
fully  machined  grooves  in  the  hub,  an<l  by  heavy  end  plates.  Radial 


n»  ««.-CaaM»ctiMi  of  motor  for  Uige  Turbo-AlttrMton. 


spaces  are  left  b.  twccn  the  core  plates,  to  which  a,r  can  be  Pf  ^^Jrom  the 
^  eni  by  means  of  the  spaces  between  the  keys.  The  steel  hub  for  a 
7  Soo-kHowatt  alternator  shrunk  oa  the  shaft  ends  is  shown  in  the  f.-re- 
J^o^nd  of  Fig.  20^,  the  completed  armature,  with  its  end  cai«  of  non-mag- 
netrme  al  fitted  on,  being  shown  behind.  On  the  p>eriphery  the  core 
p  a  es  of  4e  carcase  are  gn>oved  longitudinally  to  receive  the  field  wmdings 


288 


Electkicity  m  thm  Smki'ke  op  Mak 


of  rcrtanfrular  mpper,  which  ,irc  licivily  insulated  from  the  m,  t.il  of  the 
core  atui  also  fiom  tin;  metal  w-dgcs  which  art-  used  to  close  the  slots,  the 
projections  of  which  are  undercut  to  keep  the  wedges  in  place.  The 


rig.  »9«.-Hub  uid  Baik«p  Con  of  r.soo-Kihnntt  Blown,  Bonri  Alurnaior. 


wn,i,„l  rotor,  with  thr  pint. , -tint,'  end  caps  removed,  is  shown  in  Fi^-.  -oq. 
zn  which  the  tktails  ol  the  end  connections  clearly  appear.  In  thi^  case 
It  wiU  be  noticed  that  the  rotor  is  wound  for  a  six-pole  field.   The  rotor 


Fij.  29().  -Wound  Rolor  for  Lai^e  Turbo-Alterii.itor  willi  Knil  Cap- 


shown  in  Fif,-.  29'.  lor  tlie  largo  7,500-kilowatt  machine  has  four  poles 
intended  to  give  .'5  f\j  at  750  n.  p.  m.  v  . 

The  rotor  field  maj-nets  (iesi,i,med  l>v  the  ISriti^h  W,  -f  in..],,,,,.,.  Fi.  '-t.;,. 
and  Manufacturing  Company  are  of  the  same  general  txpe,  but  instead 
ot  thick  core  plates  as  in  the  rotors  last  described,  they  are  built  up  of 
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stampint;s  of  ^'mh!  maKnt'tu"  r-lurt-iron  wiili  t.wli.il  v.tiiil.itini;  ilii.K. 
f.)iiiU  (l  bv  pntpT  (li-tann-  jmT.-i  at  int«'rv:i!-.  v.  rv  i  lu-i  lv  i.  -i  iiiMini;  thr 
ciUM-i'  <il  lln'  ariii.iUlli'  I't  .1  (  ..ntm\i..ii-  ciiii.nl  .  i\ n.iiii. ..  I'l.  lii.i  !i.  d 
core  oi  otU'  «)1  tlu'sc-  icti'l  ■,  \>  .\'\\        !■  I  ■  ivr  111.      ni  lnii,^,  I  -  111  l  it;. 


Kig.         -We5tinthnu>e  FitUMasnct  I'ocu  fir  l-arRC  rurbu-AllrriialOf. 

3,),).  It  will  U'  iK.tiad  tliat  thf  limniludinal  >luts  aif  radiallv  dr.  p  and 
are  nearly  closed  by  th.'  laii-^  .>(  the  teeth.  Tin-  ^l<lts  arc,  "1  i.iin-'. 
f.n  mcd  b\-  the  original  punehinj^s ;  they  are  i  venly  sjia.  .  d  ruund  the 
p.  liphi  iN !  but  two  are  left  unwound  in  the  centre  of  each  pole  face.  Ih' 
cure  plates  arc  clamped  up  between  end  pla1e~, 
which,  it  will  be  sei'u,  are  pierced  with  a  nuniU  r 
of  holes  through  which  air  can  be  forced  lx>hind 
the  c<irc  plalCN  lor  veiitilatin,;,'  ])urpos<-.  Tiie 

method  of  building  up  such  a  licld-mat;net  core 

is  very  similar  to  that  employed  for  building  up 

the  armature  cores  of  continuous  current  genera- 

tors.  whii  h  has  already  l-cen  described  on  paijes 

I  ;()  a'  M-q.    It  is  illustrated  in  Fi^r.  .'lOi,  win.  li 

shouUl  be  comixircd  with  Fig.  122.    Tlje  two 

machines  of  which  these  are  the  rotors  mav  well 

be  of  mu<  h  the  >ame  output,  but  a-  tin-  i.'t.'r  ot 

the  dynamo  is  ti>  run  at  100  k.  i-.  m..  ,md  th.it  ol 

the  alternator  at  many  times  this  speed  the  core 

discs  of  the  l.itler  can  be  in  a  siuije  si;niipiiii- 

thre.i.led  duictly  on  liic  shaft  with  pr.iper 

piidniL;  pins  to  ensure  coriect  ah.unnu  nl.  llie 

holes  for  the  ventilatint;  ducts  should  be  nnieil 

in  Fig.  301-  .      .     '  .     »«.         ..;.i..r.:.-  .her«;a. 

As  a  minor  variation,  it  may  be  mentioned  M»gne»  uinin»t»on». 
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that  llic  (.liter  suilaro  of  tli>'  ti.l.l-maKiu-t  inm  <lr)os  not  alwavs  pro'^cnf 
a  tnjo  cylindrir  snrfaco  towan!'*  the  armaturo,  thouKli  the  ilitt.  i.  ik  .■  is  too 
sli),'lil  to  (  1.1^,  th.-r  loioi-  .1^  l.iMiimi,'  .iiiotli.T  ty|M'.  Siirli  a  lotor,  as 
(IfMK'tKMl  lor  a  ioiii-iK.lf  j.5.M)-kilowatt  niadiino  t)y  tin;  Hritish  Thomson- 
Houston  Company,  is  cl<>piotctl,  partly  wound,  in  Fip.  .?o».     It  will  be 

llotKcd     III. It     tllC     JMlf  ot 

till  iron  will.  Ir  i>  to  loiin 
till-  [Kile  fare  of  tlip  mafjnft 
projects  siifjhtly  aliovc  the 
lylindric  surfacf.  honcath 
"liirli  the  cxntiiif,'  coiK  lie 
buried,  and  to  this  extent 
the  magnet  is  a  salient-jKile 
magnet.  The  t  fffct  of  thf 
slif^lit  vaiiafion  will  he  to 
coiict  ntralc  the  field  more 
definitely  in  the  jxilar  air 
f,'a])  since  the  n  iiictance  of 
the  other  f,M[is  \s  ill  be  con- 
A  (onii>leted  rotor  of  the  same  kiml,  but  for  a 
thi'  out]>ut  at  the  same  sjx;ed,  is  shown  in  Fig.  343 
(t'l/ru).  It  may  he  noted  that  the  rotor  of  the  larger  machine  is  much 
longer  than  the  other. 

In  tlic  above  c\lindric  rotors  attention  has  been  drawn  to  the  fact 


Fig.  10,.— B.T.  H.  fi» 

la  , 

Siderahly  hij^'lier. 
machine  of  donl.i 


M.ienfl  fur  Curii*  Allernitor  with 


Fig-  aoj-Cylindric  Kotur  with  Obtribuicd  Windings 


that  the  windings  do  „„t  o.ver  the  whole  surface,  but  that  polar  faces 
are  left  unwoun.l.  This  plan,  however,  is  not  always  followed  a.  .ome 
designers  distribute  the  win.lings  over  the  whole  face  as  in  an  in.hiction 
motor.  An  example  ts  giv.  n  .„  Fi,^  .5„3,  which  shows  the  wound  rotor 
of  a  i,„»o-kilowatt  alternator  bu.lt  by  the  Felten  and  Guilleaume  Lah- 
in.jciAVerke.  of  I  rankfort.  The  winding  is  obviously  for  a  bipolar  field 
and  as  the  standard  frequency  which  is  required  in  this  case  is  50  the 
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sfH^od  fif  tlif  rotor  inu>t  he  ;,,ooo  h.  p.  m.  The  slot^  for  tlic  wiiicliiii.'^  .ire 
millt'd  out  of  tilt'  coif,  those  .it  tin-  fxtrciiiitifs  ol  tlic  poll  K  mil;,  liou- 
t'Vt'r,  (lot'pcr  than  those  at  their  centres,  so  tliat  the  \ciliiiiie  of  ciriiiit 
is  greatest  towards  the  pole  tips,  the  intention  being  that  the  liehl  shall 
be  as  neat-ly  as  possible  sinusoidal  in  character.  When  the  roils  are  in 
position  the  slots  are  dosed  by  bronze  wedtjes,  and  stioiiL;  luoiize  caps 
are  shpped  over  the  end  connections  for  reasons  set  forth  above. 

Salient-Pole  Field  Magnets. — The  salient-ix)le  type  of  field  magnet  as 
u^i'd  in  tiirbo-alteriKitors  resembles,  as  has  iK-en  alread\'  explained,  tlu' 
pnijectiiit,'  pole  type  used  in  slow-sjx'ed  machines,  but  with  some  impor- 
tant ditferences  in  detail,  especially  in  the  {nrecautions  adopted  to  coun- 
teract  centrifugal  forces. 


Fij;  104.— Diclt,  Kerr  Salient-Fo'e  aiid  Cyliiidric  Field  M.igneti  for  Turlio-Altcrnatoft 


Full  details  of  a  typical  machine  with  such  poles  are  given  in  Plate  V'lll. 

The  nuichiiie  sIkiwh  is  a  four-pole  niachiiie  roiistnu  ted  liy  Me-^rs.  Dii  k, 
Kerr  and  Co..  Limited,  and  for  a  particular  scale  the  i  xtreme  diaiiu  li  r 
of  the  rotating  jioles  is  50  inches.  The  four  i>rojecting  cores  and  hub  are  all 
cast  in  one  ]>ii  (c  shrunk  and  keyi  d  on  to  the  driving  shaft,  which,  to  the 
■-anic  scale,  has  a  dianielci  of  i_'  inches.  The  ]M)le  faces  or  shoo  are  l.iiiii- 
nated,  In'ing  luiMt  ii])  ot  ^i,iiii|)iiigs  of  sheet  metal  licld  toL;ci!i(  1  In  iwei  ii 
massive  end  jilales  hv  longitudinal  bolts,  of  which  tlieri;  arc  eight  to  cidi 
jwle.  The  total  length  of  laminated  metal  is  68  inches,  which  i^  less,  by  5 
inches,  th.m  thi  length  of  the  laminated  aniiatuK'  stampings,  tiion^h  the 
effective  kiiglli  of  the  iron  will  be  greater  in  the  poles  than  in  the  armature, 
since  the  former  has  no  ventilating  ducts,  whilst  the  latter  has  twenty- 
two  such  spaces.  The  <hape  of  the  pole-face  stampings  should  be  noted,  i.e. 
how  bchmd  the  pole  faces  they  narrow  down  to  a  neck  which  farther  back 
expands  into  a  peculiar  kind  of  dovetail  which  keys  into  a  corresponding 
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recess  in  the  end  of  the  piojii  ting  jiolar  roro.  TIu-  ix)k-  stampings  are  also 
shaped  to  project  on  cacli  side  beyond  the  core  iron,  with  ample  margin 
to  hold  in  their  ]ila(  (>-;  the  exciting  coils  m\A  also  the  stifti  iiiiig  riMicd  wedges 
which  arc  made  of  non-magnetic  metal.  Tiie  space  occupied  by  the  excit- 
ing coils  is  clearly  shown,  as  are  also  the  details  of  the  slip  ring;s  and  their 

connections  to  the  coils. 

The  general  a]>pt  arance  of  a  rotat- 
ing licld  built  in  this  way  will  be 
gathered  fn  nn  l*'ig.  304,  which  is  a  six- 
jxJe  magnet  built  u|>  by  the  same  firm 
for  a  inacliinc  lia\ing  tiic  lari^f  thrcc- 
pliase  output  ol  N.5oo  K.  V.  A.  at  I  ,oo( 
K.  I'.  M.  .As  a  contrast,  liicrc  is  >liown 
in  the  same  photograph  a  cylindric 
t\pe  of  field  magnet  for  a  two-pole 
Hi.uiiinc  liaxini,'  an  outi)Ut  ot  75(.' 
K.  V.  A.  when  running  at  3,000  r.  i'.  .m 
An  example  of  a  salient-jiole  magnet 
having  fn\u-  poles  is  gi\i  n  in  l'"ii;.  joj. 
M  mg  again  to  Plate  VI!  1.,  it 
_sl>  .  1  noted  as  having  an  ini- 
jM  •.  p  ^earing  on  the  wave  form 
th;  air  gaj)  oi)posite  the  ])ole 

laci  vMiuiis  rapiiUy  towards  the  pole 
tips,  thus  concentrating  the  Ilux  in 
the  regions  opposite  the  central  parts 
of  tile  pule. 

Details  ol  a  niacliine  of  the  same 
general  tyjx'  are  given  in  Figs.  305  and 
30O,  the  former  being  a  half-section  at 
right  angles  to  the  shaft  and  the  latter 
.1  liin,L;itu(linal  halt  section  ot  the  u|)per 
part  of  the  machine.  The  machine  is 
designed  to  give  an  ont|)nt  of  2,cx)o 

kilow  ,il  I  -  \\  lien  lll'llillli,'  a  I  1 .300  K.  p.  M., 
the  |nllO(liiity  ol  the  (llliellt  being 
theretore  50  f\<.  The  projecting  jK)les 
and  the  hub  from  which  they  rise,  including  the  pole  faces,  are  cast  in 
one  piece  under  pres>ure  to  en>un'  homogeneLt\'  and  ab-ence  of  blow- 
holes. I  lie  (i\  (  i  -.ill  (liaiiii  ler  between  opposite  pule  I, ic  e-  i~  40  inches, 
the  a.vial  len.uth  ot  tlu'  pol.u  iron  U-ing  53  inches.  Hie  hub  is  securely 
keyed  on  to  the  shaft,  which  has  a  diameter  there  of  over  11  inches.  The 
surface  of  the  pole  face  is  concentric  with  the  surface  of  the  armature 
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iron,  the  radial  (i.  ptli  of  thr  air  k-H'  1"  i"?^  ('3  mm).  llie 

cxcitint,'  coils,  of  wliidi  then-  are  two  on  t-aili  i<(>li',  arc  wonnd  wiih  bare 
.■,,|il.rr  -trip,  .arvl'iiltv  iti-iil.itrd  .nid  rarcfuUv  lappol  on  to  tli.'  im.Ic  curt-s 
with  a  imitorni  ttu>i.m,  dtMyiud  to  pnviiit  any  sulwijiu'iit  movement 


FiK.  3of.    I.oi.giludinal  Half-^^'oll  of  S,,li.  n.  T,  le  k,lo»..u  .>licn,,.l.,r. 

,,f  thr  roils.  Tluse  coils  are  held  in  place  by  the  owrhanKinK  tips  of  the 
l.ulr  lac  s  and  bv  heav>-  manganese  bronze  angle  pieces  which  can  lx» 
,  j.  arlv  M  rn  in  FIk-  3<>5  and  also  in  FiK.  .i"7.  wtiiih  shows  the  tini-hed  rotor. 
I  hese  angle  pieces  are  sicur.  ly  bilted  to  the  main  ca-tint^  by  uu  kt  l->ti.  l 
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non-magnetic  bolts,  locked  to  prevent  tii.m  working  loox  .  The  1.  ads 
from  the  slip  rinfis  to  the  coils,  and  their  attachment  to  the  shaft,  can 

;il-o  Ix'  seen  ill  Mg.  ;"<). 

Ariiniliins.  «r  .S7,,/„rs.— So  far  as  the  armature  part  of  the  magnetic 
circuit  is  conc.  rntd,  and  apart  from  sp.rial  problem-  connert.d  with  the 
conductors  and  ventilation,  tiiere  is  very  httle  diUeui.ce  uiwicn  turbu- 
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alternators  an,l  slow-siv...!  „,achi,u-s.  Tlu-  cLsi^n,  curs*-,  is  m..ch 
mo,.,  compart,  sma-  tlu-  n.acl.int-s  are  much  smalk-r  for  tho  same  output. 
Ihe  greater  ax.al  lengtl.  of  the  machines,  as  u.Il  as  th.  ir  M»all  si...  natur- 
ally modifies  the  design  of  the  housing,  of  winch  Mure  are  two  general 
t  pes  eacl,  of  ulnch  has  appeared  in  the  ilh,>trat.ou:  of  complete  machines 
already  given.  These  two  types  may  be  dcscril>e<l  as  the  "  <,pen  "  and  the 
enclo«.d    type,  the  former  appearing  in  Figs.  220  and  221  ami  the  latter 


in  Figs.  210  and  2.5.   They  are,  as  a  ml..,  ux  d  for  the  I„wer  and  the  hid.er 
si..e.ls   „.  p..,„v,l^,   t.K.   latter  Ixing  required   for  the  highe  stS 
ua.  hm..  b,.ea.,>e  o,  the  greater  necessity  for  providing  ef^^."  ^ 
tion  of  the  worku,g  parts.    The  core  plates  are  as  a  rule  r  uli   Iv  T> 
and  m  view  of  the  Muall  number  of  p.Iu.,  „,..  „;..„  t      '      h   m^  ^ 

.\  tvpua!  >  ,.to,  carcase,  w.th  opt-n  type  housing,  for  a  modern  turlx, 
that,  ,n  lh„        the  teal,  .uv  x„„,„i,«.  ,,„,„>,  and  the  slot.  «Uthvly 
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widt",  the  latUT  Ixing  m\nly  ilostil  mi  llu'  imu  r  jx  i iplu  iy  l.iciiif;  tlic 
rt'voh-inp:  field.  The  complete  maciiinc,  of  whicli  this  is  tin-  stator.  has 
alrt  adv  1h  .  ii  illii-tiatfd  in  Fi(,'.  Zii,  and  additumal  particulars  will  be 
ftmiul  on  pago  zi(). 

Details,  drawn  to  scale,  of  the  >t.it(ir  part  ol  tlu-  iii.iL;n(  tic-  niciiit  of 
a  modern  turlx)-altiTnat<>r  of  the  enclosed  tyin-,  built  by  llie  KK  ctnc  Con- 
struction Company,  tlie  rotor  of  which  has  been  already  ilescribed.  have 
been  given  in  Plate  VII.,  which  show-  buth  •  l.nuiiiiKhii.il  ami  tiaiwvci-e 
section  of  the  machine.  Each  ci)rc  plate,  it  n  of  winch  make  a  complete 
rinii.  carries  two 
(IdVftaiis,  wliich  key 
into  projections  Ironi 
the  housing.  As  is 
usual,  the  plates  are 
staggered  in  succes- 
sive layers.  The 
laminations  occupy 
an  axial  length  of 
42  iiuhes,  in  which 
there  are  no  fewer 
than  fourteen  ven- 
tilating ducts  ;  they 
.li  e  claniiH'd  togetlier 
between  inassi%e  end 
rings  by  heavy  longi- 
tudinal bolts.  The 
inner  surface  ol  the 
assembled  core 

plates    IS   42    mcheS  _Wou,„l  A.ma.ure  of  K  C.C.  tncl.«d.Typ.  ..coo-K.  v.  *.  Al.rr.ui.0.. 

in  diameter,  the 

radial  depth  of  tile  pl.ites  being  lo  inches.  There  axv  fifteen  slots  \wx 
which  for  thre,-plia-e  windmi,'  will  f,'ivr  livr  >l..t^  p.i  pol.'  p.i  phase. 
From  these  data  the  appro.\iinat<'  in-  aii  l.iii;ili  oi  the  ina^^iK  iu  patli  in 
the  armature  iron  can  be  deduced.  The  output  and  other  .letaiK  o|  the 
machine  are  given  on  page  2S(,,  .and  the  .ompl-  tc  stator,  which  has  a 
housing  of  the  enclosed  type,  is  shmMi  111  Fig.  .'/"i,  to  which  hirtlur 
reference  will  be  made  later. 

Details  of  the  armature  part  of  the  magnetic  circuit  of  a  >ah.nt-pole 
turbo-alteniator,  already  referred  to  on  pag.-  -'Oi,  will  In-  f.nmd  m 
Plate  VIII.,  in  which  can  be  clr.ulv  «rn  th.  .l.taiK  of  the  aiinatiiie 
stampings  and  the  shajH!  and  size  of  th,-  slot.-,  whu  li  aiv  lu  a.K  .  Init  not 
quite,  closed.  The  stampings  have  a  radial  depth  ot  n.  m.  h.  au.l  .iovi  tail 
into  the  housing,  which  is  cast  in  two  parts,  divided  along  the  lu>iuoiitai 


diaim-ter.  Tho  slots  ar.'  2  inches  ,1.  .  ,,  :n..I  i  i,,.  h  wi'.l...  the  te.  th  beinR 
slightly  thuker.  1  h.  ,e  mv  m wntv-two  >loi.  in  which,  as  the  windinR 
IS  three-pi,a>e  «.vvs  s..x  .lots  ,Hr  |«.le  jHr  phase.  In  the  lower  part  o{ 
the  left-hand  figure  are  sh<.«n  the  terminals,  four  in  number,  lor  the 
three  ends  of  the  star  winding  and  the  neutral  wire  respectively. 

IV.— THE  AKMATIRE  VVI.NDIXGS 

It  has  already  been  pointed  out  that  the  ainiat.ir,  s  of  alternators  arc 
far  more  varied  than  those  of  continu.ius  current  ma.hines.    The  latter 
m  the  niainntv  ot  .  a<.  s,  are  <  lose.l-coil  armatures  of  the  drum-  or  rin?^ 
wound  f\pv>.  and  though  there  are  important  exceptions  the-/  are  not 
numnuMs.    On  the  other  hand,  although  we  find  In^fh  ring-  and  drum- 
wound  closed-coil  armatures  used  on  alternators,  there  are  machines 
Jn  which  totallN-  .hiicrent  systems,  usually  of   the  o,H-n-coil  tvpe.  are 
employed.    Iij  the  lormei  the  windings  may  be  regarded  as  fairly  uniformlv 
distributed     round  the  periphery  of  the  armatm.',  whilst  in  the  latt.  r 
they  are  often  more  or  l,«.s  "  bunched  "  together  .,r  "  collected  "  at  special 
regions  of  tl,,-,  peripluTv,  the  other  ref^ions  containing  no  active  ,  mductore. 
In  addii.nn  a  di.tuutiou  must  be  drawn  l,etween  those  types  of  aimaturrs 
whirl,  ran  I,,  wound  for  single  or  polyphase  currents  and  those  which  can 
only  be  used  f..r  single-],hase  windings.     As  a  rule,  the  "distributed" 
windings  can  be  wound  for  one  or  any  number  of  phases,  whilst  the 
i'on.  herl     wnuhngs  are  usually  available  for  the  generation  of  single- 
phase  currents  only.    Lastly,  the  armature  n.av  be  either  fi.xe.l  or  rotathv' 
It  will  therefore  be  convenient  to  adopt  the  following  classification  •- 

(1)  Nnii^-a'uinrJ  <ini!(itiiris. 

(1.)  W  indings  (a)  distributed  uniformly  for  either  single  or 
polyphase  currents ; 
(b)  bunched  together  for  single-phase  currents 
only. 

<ii.)  Cores  (,()  smooth  ; 

(i)  slotted  or  tunnelled. 

(2)  Driim-jcnmid  armatures. 

\\  inchHi;s  and  cores  as  in  class  (i). 
(j)  Disc  ayiii.i/tinx. 

Windings  (a)  In  flat  coils  with  or  without  iron  cores,  usually 
i:eneiating  single-phase  currents  • 
{/')  In  short  solenoids  with  iron  cores  for  single  or 
two-phase  currents. 
(4)  Pole  arnuUurcs  for  singh  jjhase  currents 
Any  of  these  arrnaturcs  mav  be  h.xcd  or  rotating,  and,  as  a  matter  of  fact 
ve  1-known  machines  l,a^•e  Ik.-i,  bu.lt  of  each  kind  m  all  the  above  classes' 
uui  tiic  great  iiiajoiity  ol  modern  maclimes  tails  into  class  (2). 
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KxampKs  liaw  alicady  Ucn  l;ivcii  in  tin-  -tn;..ii  d  ^<  \vial  nn'il.  in 
armatiin's  wiiich  l)el<ni!r  fi>  one  or  otlur  of  lln-^t-  iiu"-«'>  ;  in  wluil  (uliows 

\Vf  --liall  aillicif  ti>  till'  alM(\c  (       ili.  alion. 

(I)  Ring-Wound  Armatures.    It  ha-  ainadv  l'«<'n  ^Ihumi  (^.v  paui< 
655,  Vol.  1.)  in  connt'itiiin  with  intaiy  <ipii\ 1 1 1<  1  -  thit  an  oi<hnai\-  tin-..! 
circuit  (iramme  ring  in  a  t)iiH)lar  or  a  multii«)lar  hclil  i  an  !«•  n^  tl  t<>  i;.  nriai.' 
alternate  currents  by  the  simple  device  of  replacinLt  tin-  cmnuifafor  by 
Iwo  ur  more  slii>  rin.t.'s  joiucd  to  apiti'.priatc  poiiit-^  hi  llic  w  indin.us.  llu- 
1-.  M.  F.'s  generated,  however,  ui  tliesc  Mmple  caM>  will  not  be  hij,'!!,  ;e 
the  maximum  E.  M.  F.  at- 
tainable is  limited  by 
the  maxinunn  inductive 
action  possible  in  the 
winclinf,^  between  any 
two  points  successively 
(onnected  to  the  slip 
rint,'s. 

To  obtain  high 
I".  M.  I-.'s  it  is  neres--aiy 
to  modify  the  windini,' 
by  reversing  it  at  points 
which  are  separated  from 
!)ne  another  by  a  space 
equal  to  the  j)ole  ])itch, 
so  that  the  inductions  in 
successive  groups  of 
tlie^e  \vindins,'s  may  all 
be  in  the  Same  direct u-n 

in  the  armature  circuit  ^.^  „.^,,  ,,„.._^.,, 

at  the  same  time.  For 

the  highest  E.  M.  F.  in  a  given  case  for  single-iihase  rmiTnts  the  cl..-^rd 
windin;,'  should  then  he  cut  at  one  of  lln-  k  vci-iiil'  iw.iiii-,  .ni.l  il.i  tu^ 
ends  taken  to  the  slip  rings  for  connection  to  the  oui.  1  <  ii(Uit.  a-  -^linun 
diagrammatically  in  Fig.  310.    Lower  1     i.  f.'s  can  W  obtained  by 
dosing  the  winchng  and  connecting;  aiiiMopriatr  j.-ini-  to  the  -lij.  liii.L;-. 
In  this  case  different   parts   of   the   armature  will    be  clei  trie. illy  in 
parallel.    The  windings  can  either  be  uniformly  di-tiilmted  as  in  an 
ordinary  C.ratnme  ring  (the  rcvcrsa'.j  being  made  at  proi)er  intervals,  or 
they  may  be  bunched  together  as  in  Fig.  310,  leaving  parts  of  the  con; 
unwoumi.     The   evenly  di-trilnited    w  indiiii,'    ,L;i\rs    tiouMe    nwin"  to 
reactions  with  lagging  currents  and  othcnvisc,  and  theie!  le  the  buiulied 
winding  is  usually  adopted  for  single-phase  currents.    A  machine  of 
Kapp's  so  wotmd  was  described  in  the  last  edition  of  this  Lo  >k.  The 
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disa  lvantai,'.'  of  lliis  iiu'tliod  is  lliat  valiialilc  spaic  on  tlic  core  is  not 
utilised,  l)iit,  as  will  be  seen  when  dealinf;  witli  drum  windings,  an  addi- 
tional cirruit  or  circuits  having  a  difft-rent  jihase  or  phases  can  be 
wound  on  the  emptv  sections  and  the  full  available  space  utilisefl.  This 
was  actually  done  in  one  of  (iratiiine's  early  altei iiati>is  already  described 
(Fijj.  534,  page  556,  Vol,  I.),  which  was  ring-wound  with  four  circuits, 

the  separate  coils  of  which  were  so  dis- 
tributed round  till'  riiif,'  that  tliey 
covered  its  whole  surface,  anil  in  each 
circuit  the  individual  coils  were  spaced 
ri(.  311— EanrTsFpaor  Caiiaf  Dna-Woaat       ^  mean  distance  apart   equal  to 

the  pole  pitch,  as  in  Fig.  310.  In 
most  modern  alternators  drum  windings  are  adopted,  and  these  will  now 

l)e  considered. 

(2)  Drum- Wound  Armatures.— One  of  the  earliest  forms  of  alternators 

which  was  widely  used  had  flat  ((.lis  laid  ni)on  a  smooth  iron  core,  and 
therefore  was  essentially  a  drinn-wound  machine.  The  coils  in  tliis,  the 
early  form  of  Westin^ou.se  alternator,  were  constructed,  as  shown  in 


Fis.  31J.— Armaturfl  of  K.irly  I  orm  of  \Vc-tini;li.)ii,u  .Mi,  rii.uor. 

Fis.  311,  of  conductoi-s  wound  in  a  long  flat  spiral.  These  were  placed 
upon  a  smooth-core  armature  carcase  somewhat  shorter  than  the  longitu- 
dinal space  in  the  middle  of  the  spiral,  and  were  held  in  their  places  by 
biiKliiif;  wires,  as  shown  in  Fig.  312,  the  cu.  ^•ed  ends  being  turned  over 
at  right  angles  and  claiiii)ed  underneath  the  substantial  end  plates,  which 
can  be  clearly  made  out  m  the  figure.  The  centres  of  the  coils  were'  placed 
at  a  distance  apart  equal  to  the  pole  pitch,  and  the  outer  conductors  of 
neighbomin-  coils  .u.,v  alongside  one  another.  Elcctricallv  the  con- 
nections were  similar  to  those  shown  in  Fig.  310  for  a  ring  winding,  and 
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tliereforo  flu-  iiuluciil  i:.  M.  F.'s  at  liif  iiiDimiit  i>f  niuxiiniiin  imhutHm  were 
all  in  st'rit  s.  T!ve  two  ends  of  the  windings  were  brought  t»)  the  slip  ring* 
>ihown  in  Fig.  .51  J. 

The  amount  <>f  s|ia<  t'  lost  on  the  surface  of  the  armature  by  the  narrow 

li.ip  in  tlio  midillf  <>f  tlu-sc  roils  was  not  a  very  larp'  fiai  tion  of  tlic  wiioU- ; 
but  then  these  machines  were  chiefly  used  to  sujiply  ( unent  to  ylow-lanip 
circuits  of  low  induct- 
and',  in  wliicti  tlio  jTower 
lactor  Wiis  lii(,'h  ami  tlie 
lag  of  the  current  <  (>n--e- 
qucntly  small.  With  the 
increase  in  the  size  of  the 
machines,  and  with  the 
greater  variety  in  the 
loads  to  be  provided  for, 
modifications  became 
necessary. 

The  principal  niodifi- 
cations  will  be  understood 
by  comparing  Figs.  311 
and  312  with  Fig.  3^1. 
which  represents  an  ai  ma- 
ture  of  a  more  mtKlem 
West  inf,'lu>use  single- 
pliase  alternator  having 
an  output  of  250  kilo- 
watts.   In  Fig.  313  the 
coils  are  still  wound,  as 
in  the  earlier  machines, 
before   being  placed  on 
the  core ;    but   as  the 
latter  is  now  slotted  in- 
stead of   Ix'inu'  smooth, 
each    complete    coil  is 
-rouped  in  five  sections  of  one  or  more  turns  each,  so  as  fo  occupy  when 
?n  place  ten  of  the  slots  of  the  uniformly  slotted  core.    The  central 
,nace  of  the  innermost  turns  has  been  widened  until  it  now  embraces 
three  of  the  slots  which  are  left  empty ;  and,  therefore,  three  parts  out 
of  13.  or  23  per  cent,  of  the  whole  available  winding  space  of  tiie  arma- 
ture, is  left  unoccupied.    The  connections  from  group  to  group  are 
alternately  between  inner  coil  and  inner  coil  and  between  outer  cod 
and  outer  coil.    The  iurnier  connections  .are  clearly  visible  m  the  fiLiue 
in  the  shape  of  links  carefully  clamped  to  an  inner  ring ;  tlie  other  con- 


Fill.  113.— Weslinghousi-  jjn  k.  ■ 
Armaturi' 


Single  Phafc  AHrrnatur 
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noctions,  Ix-inn  Ixtwwii  adjartiit  slots,  air  (juitf  sliiiit.and  are  roadily madf 
with«»nt  sjMTial  dovirrs  Wm^  rwvi'^si\r\ .    Tho  p»iiit  at  which  the  ron- 

timidii'^  I  Mmi(  (  tiiiii  >,{  ii||.iri  nt  imU  i-  inli  1 1  ii|it(  il  .iml  llic  (  nimi  t  l i<iii  niadr 
to  tlic  is  ;it  IdWtl  pait  <i|  the  liLriiif,  wliiic  uiic  til  tllf  liiii); 

intercoil  coniifi  tms  is  dinittcd  and  its  |ilai  c'  taken  by  two  radial  conductors 
which  eventually  rcaili  tiif  rni^s  by  paths  alnu)St  diametrically  opposite 
one  another,  thus  ensuring;  fjood  insulation. 


An  important  difierence  between  tiic  earlier  and  later  forms  of  armature 


J14  — DelaiU  of  Armature  ami  Mannpts  M  a  Tlire«  Pha'.e  Ahcriui ». 


is  in  the  matter  of  ventilation.  Tn  !'!-.  tlit  ie  is  jtrac  lirallv  no  special 
provision  made  for  ke(  |.iiii,'  the  eondiutois  and  the  eoie  (dol  bv  driviiif,' 
Cold  air  IiiioiiL;h  the  lattei.  but  in  Fit;.  .;r;,  the  core  is  Imilt  tip  exactly 
like  the  core  »)f  a  modern  continuous  current  armature,  and  with  the  same 
arran{,'ements  for  ventilation  which  have  already  been  deseiibtd  (bce 
pa,!.;e  i;,2). 

I'olypluisc  Windings.  -  A^  alrtady  mentioned,  the  space  lost  in  single- 
phase  machines  can  be  fully  utilised  by  winding  therein  another  phase  or 
phases.  \Vh»  n  this  i-  (lone,  ho-s.vcr,  t!ie  space  (levolid  to  eadi  ph.ise  is 
less  than  that  f,'iveii  in  a  siii;,'le-phasc  nuu  iiine.  whii  ii.  as  we  have  seen  above, 
may  amount  to  77  jxt  cent,  of  tiie  wlioii^.  tJhvKnisly,  when  there  are  more 
phases  than  one,  the  space  should  be  equally  divided  between  the  phases. 
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and.  tluwfoiv,  in  two-i-li-iM'  ni.i.  Inn.  h.ili  th.-  sImN,  ,in<l  in  ll,iv.-.j>li;ise 
machines  onc-thinl  of  tlir  slot;*,  must  1m-  K'iv<'n  .  k  I,  pli  iM'.  1  In-  ..It.  i>  nn 
aifficulty,  as  in  ead.  .       1!,.  ^luc-  [h  t  pha-.  1-  I.  -  tli.ni  ...n  Ik  occuincd 


7  '  '  '  <J 


F.R  „5.-l'i.«rai..  of  Thror  phase  W.n.ling  for  a  JS-Polc  Atlrn..il"r. 

without  inronvonionco  hv  a  single  phase.  It  furthe  r  follows  that  tho  nun.lu-r 
ol  .lol.  |.nl,.  nu.M  W  A  nn.ll.p1r  of  two  to.'  tuo-phaM-  a...l  a  m.llt.l.U'  oi 
tlufo  for  tlnct-pha^.  w.n.ln,^-.  thn.  th.  i;.  ^lot^  pr.  polr  of  lig.  313 
could  not  be  usetl  for  anv  ordinal  V  polypi. .i->  vMuain^-  .  _  ,  ,  , 
Some  of  the  details  of  a  llu^r-pha^c  winding  tvcidy  di.iiil.ultd  ro...,d 
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the  fijicd  armature  of  a  iJ-}x>lc  madiinc  ar»  given  in  Fij^ 
the  armature  core  ha^  nine  slots  jx  r  |mlc  or  i.'irw  slots  fs-r 
The  ]H  r  jiliiisc  loriaili  .it  jiolfswrn  v\'Uind  witli 
iJuct"is,  caih  consisting  of  ropjicr  wire  Ii8  niii 
14 J  mils,  witlj  insulation.  There  were,  therefore 
each  |)liiisp,  the  avini^f  1:.  m  f.  in  e  u  h  (•on(hu  ti' 
since  the  whidc  nudiine  fjavt-  Inun  2,^50  to  3.1 
plan  ol  tiie  wtnt&ig  is  more  ckarty  sho  a  diagi 
J  9 
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the  oiiitr    ide  equal 
to  the  pole  pitch,  in- 
stead of  the  whole  of 
the  conductors  beiiiR 
within  the  space  of 
.f^.    Then  the  successive  groups  of 
-ide  one  another,  are  separated  by  a 
in  this  way  -pace  is  fouinl  for  the 
'  S,  which  are  shown  with  thick  and 


mj?  is  perhaps  e\-en  better  shown  in 
ible  ca.se  is  taken— namely,  one  con- 
The  connections  between  successive 
mner  and  outer  ends  aliimafch  the 
m  series  throughout  the  windings,  and  will  give 
points  s  and  J  connected  to  the  slip  ring  and  the 
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|ier  phase  jxr  |)olo  t  an 
be  readily  made  out  I 
comparing    the  t 
figures. 

As  a  further  >■ 
ample.  Fig.  317  gi" 
l»<)tli  the  l)»'?^intiini; 
the  fiuliiiL,'  (it  till 
vi'lopcd  plan  tin 
winding  of  a  72-poIe 

III.lcllilK'    I  if    till'    I'll  i  - 

tiicai  ("()m|iaii_\',  Ltd., 
of  London.  In  this 
I  ;  hint',  desi;,'iifd  for 
a  thrct'-jihase  tuitput 
of  3,()<i(t  kiliivolt  am- 
peres, with  (),ooo  volts 
between  the  line  wires, 
tliciv  Wfir  1,118'  !'  r-, 
or  15  slots  p.iie. 
The  windings  were  star 
connected  for  three- 
phase  curi'i'iits,  the 
luniniuiiiuiirtiiiii  puint 
being  at  j  ;  there  were 
therefore  five  slots  and 
coiidiictois  [1(1  plia-e 
jx'r  j)ole.  In  the  dia- 
gram setting  out  from 
the  -lip  riiiu' t- 1- 

niinals  .V.  b'.  and  c', 
the  first  45  conductors 
are  shown  starting 
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friiin  Xo.  "  I  "  in  the  "  a  "  windintr.  and  coirifiii';  from  ritjlit  to  loft. 
Til.-  I.i-l  J  ;.  Ii  i^liin.i,'  willi  Xo.  "  i.u.So."  alxi  in  tli.'  "  a  "  windiiif,',  appfar 
at  tiif  ii,i,'iit-luui(l  >i<li',  also  iiuinlwd  from  right  to  loft.  Tho  intermediate 
conductors  follow  the  same  plan.  This  diapram  should  be  carefully  com- 
I'arod  with  tho  iircccihnf,'  to  a'-(cit;iin  tho  nioditiration  introduced  by  the 
iiKToiiso  of  ((inductors  por         \)vv  pluLso  from  one  to  live. 

Stand, ii<l  armature  stami)inf,'s  iia\c  l)ooti  already  illustrated  in  the  pre- 
ceding  so(  lion  (sec  pajjes  27^  to  Where  "  former-wound  "  coils  arc 

used  the  slots  are  usually  qnito  open,  with  straight  sides,  bu;  often  dove- 
tailed at  the  top  for  the  ki  jing  of  the  wooden  wedges  which  arc  so  frc- 
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Vis.  318.— Part  of  an  Armature  StampinR  showing  Condueton  in  Poshion 


(]U('iiiIy  omploycd  to  hold  the  windings  in  their  place.  Where  the  voltage 
is  >utrK  iciilly  low  for  "  har  "  wmdings,  the  slots  arc  sometimes  closed  over 
dthoi  nearly  or  romjiletely,  thus  killing  the  eddy  currents  in  the  thick 
coj)|«  r  of  the  windiii!,'. 

I':iil  (it  dui'  of  ihc  arnuituro  ^tamiiiiigs  for  llie  alternator,  the  scheme 
of  \\h..M  winding  has  jnst  boon  described  above,  is  shown  in  Fig.  318, 
in  which  Hare  a|ip(  ar  t(  n  >lnts,  five  cmpiv  and  live  containing " tii(' 
conductors  of  one  pha-c  properly  in-nlatcd  and  held  in  their  places  by 
wou  li  11  ^^•(  ,1-,"-.  The  iiuu  r  fa(c  of  the  arniaturc  iron  has  a  diameter  of 
_'();  Mi(  hc>  (.^  ioct  3  inihfs).  and  the  laminated  stampings  aio  10  incht^ 
(loop  Irom  this  face.  As  the  polos  rotate  with  an  angular  velocity  of  «.} 
K.  1'.  M.,  the  av(  ia:,  pciiphcral  >p«-cd  with  which  the  tiold  flux  sweeps  over 
tho  la.c  ol  the  ainiatuio  is  (1,400  Icct,  or  over  a  mile,  per  minute.  The 
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ni<'(  lianiral  clearance  between  the  fixed  and  iiioviiii,'  inm  1-  .mly  ()  milli- 
m.  tres,  or  ()-.}37  of  an  inch,  and  thercfure  lx>th  the  flywheel  i.n  wlii.lj  the 
field  i«'li's  are  mounted  and  tin-  fiainc  wiiidi  -iippoit-  tlir  aiinatinv  non 
must  be  verv  carefully  desi{,'ned  so  as  to  have  tlie  rt  (luiMtc  mechanical 
riRiflity  to  maintain  this  small  clearance  intact  under  the  severe  conditii)ns 
of  actual  work. 

When,  iis  is  necessary  for  high -voltage  machines,  the  sei)arafe  armature 
coils  have  many 
turns,  they  are  usually 
wound    on  formers, 
and  a  threat  deal  of 
attention  and  care  is 
devoted  to  the  details 
(it  shapiuf;  and  insu- 
l,it iuf,'.    For  instance, 
Mtssrs.    Dick,  Kerr 
and  Co.,  after  forming 
t lie  coils  absolutely  to 
tlu-  designed  size  and 
>hajx\     on  six-cial 
machines,  pass  them 
ilirough  a  lu  avy  insu- 
lating  compound 
which  completely  fills 
the   spaces  Ix-tween 
llie    already  cotton- 
covered  conductors. 
Next,  the   coils  are 
compressed  in  special 
liot  fiirnu  is.  and  the 
tinal  outside  insula- 
tion, composed  of  a 
til  irons  comjiound  for 
low-voltaKC  machines 
or  of  mica  in  continuous  lavers  for  hish -volt age  ni.u  hinr-,  i>  the  n    w. dovcr 
the  coil,  which  is  well  baked  several  times  at  different  st.ig.  s  ol  tlu-  procc>s. 
The  coils  are  finally  tested  severely  for  insulation  bel.-iv  hnnt:  pi  iced  on  the 
inarhine,  an.l  in  sliding  the  coils  into  the  ^lots  a  Micct  ot  jeatiieroid  is  wrapped 
nmnd  tiie  jHution  which  is  to  l«  inilu.lddl  in  the  iiu,,.  thus  piote(  tmg 
the  insulating  material  from  mechanical  inimv  wliiM  ili<  "'iK  b.nif; 
assembled  in  position.    Other  rniiis  are  similarly  cue  tnl  in  ll-  ir  procedui.'. 

In  icgard  to  tlie  actual  shap.'  ot  a  former-wound  coil,  some  little 
ingenuity  has  to  be  txercfc^  in  shaping  that  i>art  which  d.«s  not  he  m 


Fig.  jij.— Portion  of  Thrae-Phwe  WiBdiBg  of  7S0-K.  w,  Ann*ture. 
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flu'  «o  tliaf  Sparc  may  lie  fnnnd  for  it  on  llic  armature  witliout  iiitcr- 

IcriuK  "  itli  llic  ( oi  icspoiuliii),'  parts  of  the  other  coils.  Tiic  tiitliculty  will 
be  uiul(  r>t()ii(l  by  a  reference  to  Fig.  319,  which  shows  a  portion  of  a 
75o-kii<)\vatt  three-phase  armature  wound  for  5,000  volts  at  the  terminals, 
and  constnirtcd  by  the  General  Electric  Company  of  Schenectady.  There 
lit  iiif,'  one  .'-lot  ju  r  ]iiilf  jx  r  jihase,  each  coil  lias  to  span  the  two  slots  lu'lonfjin^ 
to  the  other  two  })hases.  One  coil  being  wound  flat  and  placed  in  its  slots, 
it  is  evident  that  the  wires  of  the  other  two  coils  must  be  bent  in  some 
way  in  order  that  they  may  ])ass  the  wires  of  the  first  coil.  This,  the  first 
or  Hat  loil.  is  therefore  made  lonf,'er  than  would  otherwise  be  necessary, 
leavinj,'  room  for  the  ends  of  the  other  coils  to  he  brought  out,  In'nt  away 
from  the  armature  face,  and  passed  under  the  wires  of  the  Hat  coils. 
The  necessity  for  "  flat "  and  "  bent "  a)ils  is  diaptunmatically 

indicated  in 

fig-  317. 
where  the  flat 

coils  are 
s  h  o  w  n  as 
radially  long 
and  open,  and 
the  bent  coils 
as  radially 
narrow.  On 
examination  it 
will  be  found 
that  there  are 
three  flat  and 
i      quantity  of  wire  is 
nrli  Mhase  are  in  sets  of 
armature  as  a  single 
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th'cc  I)cnt  coils  in  each  pi  asc,  and  therefore  thk 
used  for  each  phase.    In  this  figure  the  coils  foi 

three,  which  are  wound  together  and  placed  on  

unit.  The  joining  up  of  the  separate  sets  is  done  with  fle.\ible  wir^,  some 
of  which  can  Ik-  seen  in  Fig.  .519. 

The  details  of  U-nt  and  straight  coils  can  be  further  followed  by  an 
cxammation  of  Fig.  320  and  a  reference  back  to  Fig.  285,  these  figures 
both  Illustrating  details  of  the  Crompton  machine  of  Plate  V.  In  Fig.  285 
the  dmiensions  ol  the  limshed  coils  are  set  forth,  and  the  extent  of  the 
protrusion  of  .  a<  h  from  the  armature  iron  ;  the  details  of  the  bending 
arc  also  gjven.  It  will  1m>  noticed  that  the  former-wound  coils  arc  sei)arated 
from  the  iron  by  mica  troughs  ..-i  inch  thick,  which  are  26  inches  long 
f..r  the  l„  ni  .  ,,il>  and  .jjj  in.  hes  Ion;;  l„r  the  straight  coils.  Before  being 
j>laced  in  its  trough  the  coil  is  served  with  tai>e  to  jirotect  the  mica  Iron- 
mechanical  injury  whilst  being  ^aced  in  the  trough,  in  which  it  is  held  by 
wooden  wedges  20  inches  long,  as  slwwn  at  A,  Fig.  321  {se$  alao  Fig.  282). 


Dbtaiis  of  It'jsoiycs  <'F  CuoMrioti  A/.rmxA /,'/; 


It  is  also  (liic.-if.l  iIkU  thr  l  onntrtioiH  hctwirii  m1(  <  .-->iv.- .  .mIs  nf  a  wimlmK 
are  to  Ix-  nuulf  at  tlie  In.nl  o|  tlic  iiuuhinr  only,     l  lu'  >l.it~  air  i  N5  i"'  '' 
deep  by  o-S  inrh  wide,  and  tli.  arrangement  of  the  .  uixhi.  t-i-  m  il-  -l-t 
-liuwii  at  A  i.>  ri^'.  Tliere  are  lo  wires  \wt  slot,  and  a-  ilui-  ar.- 

iN)  slc.t>,  tlii>  i^ivo  i.s.M)  iu  tive  eondurtors  for  the  whole  machine,  b«<)  in 
<  a.-h  i>has<-.  Tli.'  .Mndu.  im-  are  .r.'i2  iiK  h  in  diani.  t.  r,  ,in<l  .ii.' o'v  .  ird 
with  eotton,  and  luauled  to  a  diameter  ol  0-240,  whi.  h  f;ive>  a  tl.u  kii.-^ 
ul  insulation  of  14  mils.  The  jJiases  are  star  connected,  and  the  voltage 
L.  tween  lines  i-  ^  V"  v<'lts.  trom  whieli  the  indent  ca.  work  out  the 
averafic  v..lts  (k.  m.  s.)  jkt  condu-nor.  Tlie  lull  load  curre"t  is  bS  anii>cres. 
The  coils,  liaving  been  plac«d  in  the  slots,  a*e  jotaed  up  as  sliuwn  m 


r\i,  3H.-8Mfln  ia  Wiattv  •  Umt  DHt,  Hat  Sutor. 

FiL'  ^20    Starting  from  the  left  hand  end  of  the  drawing,  we  have  for  the 
ft^t  three  slots  A-phasc  coils  with  straipht  ends,  then  three  slot,  with  cphas.. 
Wni  coils  coming  from  the  left,  and  followed  by  three  slots  with  .-phase 
L  nt  roils  turning  to  the  right.    We  then  con.e  to  three  slots  w,  h  th.^ 
,,  unin,  Md,  .  of  the  A-pha.e  Mrai^ht  eoils  with  whu  h  we  started  loUowed 
l,V  three  slots  of  c-phase  "  strai.-ht  "  .-oils  turning  to  the  riK'ht.  and  so  on 
It  will  be  appropriate  here  to  refer  to  a  di  tail  giv.  n  m  Imk-  n.^nu 
„„,  „f       hiKh-volta,'e  frminals  of  the  machme.    This  teunma      ■  atru d 
bv  a  cuard  nttaelud  to  the  extreme  bottom  of  the  frame.    It  is  o.ad, 
of  gnK.v.'d  poreelain       in.h.-  in  .  xlernal  diam.  t.  r  .  ,n,i.  d  by  a  ^-m.  l: 
stud  r..ed  to  the  guard.    At  the  other  end  the  i-Mvlaiu  another 
'..-inch  Mud,  whieh.  in  its  turn,  carries  two  thimbles  oue  L'.  the  .unduetor 
cominL'  from  the  arn.a.u,.  .  and  the  other  for  the  flexible  conductor  leedmg 
awav    To  soften  the  pre»ure  of  the  nu  tal  on  the  porcela.n  m  clampmg 
up  leather  washers  are  interiK^ed.   The  drawing  gives  aU  the  d»mens.ons. 
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S<inie  fif  tlio  sliiKi's  in  tlic  assiinl.ly  of  llic  cdils  oii  a  >latur  are  shown 
in  Fig.  322,  ill  wliidi  flic-  front  sector  has  the  Jant  coils  in  jKtsition  with 
the  two  ends  of  each  coil  loose  for  the  final  joining  up.   The  sector  imme- 


Fig.  313.— PiMor  of  i.son-Kilowaii  Diclt,  Kfrr  Alternator. 


diatcly  iK-hind  has  had  the  Hat  coils  added,  but  the  ends  are  still  lying 
loose.  Lying  i^till  farther  hack  umvcmnd  sectors  are  iKi-iiled.  A  coni- 
I^tely  wound  stator,  but  with  double  the  number  of  slots  jier  pole  is  shown 


,  ,  -   •  •  I     Both  th.-so  fi^nm-s  reprt>stMit  parts  of  m.i.  liin.  -  l  u.lt  1  y  M<"i-- 

h     "rrlT^l  is  mud.  larger,  having  a  rotor  x..  ...  t  >n  .Uanu  .-  r  vvhu  > 
i  1      .u  1     IH  .U'aranre  ad.k-d.  ^vill  give  the  internal  . han.  .-.  <.  - 

t^^t       ..t         stator  can  In-  appioxnuat.  ly  .  aU  uhU.d.    Ih.-  rated 
thil  statur  .hen  its  4"-lK>le  rotor  is  running  at  75  R- M..  » 
1.5U.)  kilowatts  thrtv-phasi-  at  7,5<hj    " 

volt!i  and  25  fM-  ,  •  , 

When  the  voltage  ntiutr.  il  13  not 
tor  iiiMim.c.  when  it  is  only  400 
volt-,  as  ill  thr  laifi.'  >lo\v->p.  >  d  l,ooo- 
kilowatt  Bnish  all.tiiatoi,  .iln  .idy  re- 
ferred to  more  llian  once    it  is  piSMble 
to  use  a  simple  bar  winding  very  similar 
,.,\Nl,at  iniKhl  l>e  d.  Mt;n-l  for  a  low- 
voltage  contmuous-.uu.ut  luultipohir 
armature.    Some  details  ot  the  witi.l- 
i„.r,,t  the  stator  of  the  above-named 
„,.^.lnne  will  therefore  be  of  interi^st. 
A  portion  of  this  stator  lully  w.-uiul  1- 

shown  in  Fig.  324-  'l">'^-  ^"r^'  :"!'^ 
slots  have  been  already  illustrated  m 

H)\  ,ui(l  .uid  it  will  be  n  niem- 
la-mfthal  the  slot^  are  nearly  elo>ed, 
but  it  will  be  found  presently  thai  the 
.,,„,„„,.  l.it  is  wide  enouf^h  to  introdu.  e  ^.^ 

the  bars  of  this  win<liiig.  Bars  of  copiK-r  aecurately 

0.  3  inch  by  0-40  indiiner.^.ectio,..^^^^^^  .„ 

to  the  shai)c  shown  m  l-ig.  325-   J ''^       L.„t  S  iiuhes  longer,  the  ordinary 
aetually  the  terminal  bars,  which  are  abou  .  nuh.  1  .       ^  ^^^^^^^^^^^ 

1,  us  being  a.  .hown  at  the  ^'d^-^^*-  .  f^'"       Xt  (i^^^^^^ 

.lot  ot  the  armature  iron,  onee  m  the  ^^^^^^  '  ^  ^  tu,,ied 

lines)  and  once  at  the  top  (..uh-  ated  by        '     ^  ,,y  the 

upwards  and  pa--e>  from  the  lower  to  the  »  , |n,« 

J.,,,,       At  the  tront  the  ends  are  ixjund   .tla^  d^^  ^^^^^^ 

niuubcr  ot  ainialurc  conductors  is  i.'j-iw. 


of  lUiish  \'nctnaI'T. 
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The  windiiif,'  st  henie  is  sliown  fully  in  Fig.  3J(),  which  exhibits  a  suffi- 
ciently lonR  section  at  the  bottom  of  the  stafor  in  the  neifihbourhnod  of 
the  terminal  luiartl,  and  incliido  >li)ls  470  to  4.S0,  and  i  to  17,  01  .>,S  slots 
in  all.  'I  he  condiu  tors  arc  all  niinihcicd,  the  iippn  condiutois  with  even 
and  the  lower  with  odd  numbers,  the  ronnecting  parts  and  the  bars  being 
dotted  for  the  lower  layer  and  drawn  with  bill  linos  for  the  upjuT  layer. 
The  winding  is  a  three-phase  "  star  "-connected  winding,  and  counting 


^.-.1  *^^ri  Vieit tooliinf fnmcfiare 


,i!  ,^\Spdn,iUlt^lMr■a■(m 
1 .  I    III     :    oi>  medndiii. 
I  I  I 

'  ( '  I  1  '  I    .  '  I 


.1  ;;   '  '  ;'i 


151©'  ^"i^JS^m^^am 


Fig.  3»5.  -Iteuib  ot  Coiuiuclon  for  liar  Wimling  of  Brush  Alternator. 

each  bar  in  a  slot  as  jiai  t  of  a  S(  ])arate  .  iicuit,  thi  iv  arc  in  lacli  phase  eight 
circuits  in  ]iaralli]  in  two  groups  of  four.  The  twelve  ends  of  the  si.x  quad- 
ruple groujis  are  brought  out  to  a  terminal  board  at  r,  v,  w,  x,  Y  and  z,  the 
phases  A,  B  or  c  lieing  als<}  marked  in  the  tigtiic. 

This  terminal  lx)ard  is  worth  examining  ;  a  view  of  it  is  given  in  Fig.  327, 
and  full  d.  t.iils  cm  a  lar: .  r  scale  are  given  in  the  dimensioned  drawing 
reproduced  in  Fig.  328;  whilst  a  cross-section  giving  furtiier  details,  and 
showing  also  the  protecting  cover,  is  rcjiroducid  in  Fig.  32.,.  This  U.uid 
cwries  one  "neutral"  bar  n  at  the  top,  and  three  terminal  bars  t  A,  TB, 


Details  or  Low  ^oltacb  Bak  U'tKOixos  3" 
,  c  1.1U.V.    m  the  un>or  part  o!  Fi«.  3^8  are  sho^vu  tl.o  .  ml.  ...  U..-  u,.p^ 
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for  It  will  l)f  iiutkitl  that  in  eacli  case  they  consist  of  one  neutral  set,  n  a, 
N  B  or  N  r.  and  a  corresfximiinK  terminal  set  a.  B  or  c  ;  there  is,  therdorei 

tlif  full  pressure  of  the 
machine  between  them, 
and  rigorous  instrur- 
tioiis  arc  issued  th;it 
tlicy  arc  to  Ik;  heavily 
insulated  and  kept  at 
a  distance  ajwrt  not 
less  than  is  marked 
<in  tlic  diawinj,'.  Tli, 
terminal  thimhhs 
for  the  rabies  are 
shown,  and  it  will 
he  noted  that  there 
is  a  smaller  thimble 
\  cable  can  be  led  away. 


3^7.— Jeriiiiii.il  Hojrd  ol  Hiu~li  Allcrjialor. 


on        neutral,  from  which  also  therefore  .„  

The  apjiearance  of  a  completed  armature  of  this  tyjie,  butToVfor  the 

M    m    u:i   «2  X 


Kig.  J23 — Termtiul  tkvmi  of  ihn 


A.iuiMl  !iru»li  Altciriatjr. 


same  machine,  ,s  shown  m  Fifr.  .5jo.  whi,.,  is  tl.e  con.pleted  stator  of  a 
fhre,^,,!.....  ntaelMn..  having  an  ...ujntt  of  J5<'  kilowatts,  with  a  power  factor 
<n  O  b  at  a  >peed  of  jjj  k.  p.  M ;  the  voltage  is  300  volts  at  a  periodicity 


Tekmixal  Poarp  of  a  Lour-VoLrACK  Aitkkxatok  3»J 

of  ,o  «U.   Tlu-  machnu-         tl,.  iS  ,„,l..s.    ll.r  MaU.r  shown  has 

I  mteVnal  diameter  «f  5^  ""'v 

ot  tlu-  bar-wound  '.lat..r  pivviously  reU-rrcd  to.  .       .  •  u  .u. 

A  wound  armat.uv  for  a  double-inductor  alternat..r.  m  which  the 
inductor  was  similar  to  tl...  .l.  pi.  t.d  .n  Im,.  ^ll-      ^l.'-wn  ">  l'-^'-  33  ^ 
n'7arnuiture  was  ior  u  Mo.d.y  n.ad.nu.  (s.v  V^^.  ^75).  as  ...rn...rly  budt 
l.v    the    Brush  Elertrioal 
iMinimrrinn  Company,  I-'d. 
Katli   armature    ring  was 
wound  for  two-iihase  lur- 
i,ul-.  lluTf  Ixint,'  'wo  roil-, 
(lour   slot>)   pir    ix>l>'  l«i 
phase  and       slots  in  all. 
riif  side  conductors  of  tiie 
roils  and  their  connections 
,  ,,11  l>i-  ri  adily  distinguished, 
l)ui  the  former,  being  curved  — 
alternately  inwards  and  out- 
w  arils,  do  not  lie  quite  on 
the  plane  of  the  active  con- 
ductors.   By  this  deviie  it 
was  i)ossible  to  make  the 
coils  interchangeable ;  they 
were  wound  on  formers,  and 
were  thoroughly  insulated 
with  micanite  and  empire 
cloth  In  tore  beint-  plac  ed  in 
the  slots  in  which  they  were 
firmly  held  by  hard  wood 
wedges,  of  which  there  were 
three  in  each  slot.    Four  of 
the  coils  of  one  phase  with 
two  of  the  inductor  iwles 
X  N  are  sht)wn  diagram- 
iiiati.  ally  in  Fif,'..?.y.  where. 


Fig.  :i»Q.— <'nwe»'*^tion  ^ 
Terminal  Boaril. 


r^l^l^rSe^^r:;:;-  of  t,.  other  phase  are  indicated  1^  fin.  lir«. 
s  s  s.  The  connecting  wires  ..f  the  sue.  e.siv..  eoiK  are  at  „  ,<  <  tc  anrt 
the  width  of  the  two  imluctor  p.fe  and  the  interp..lar  dMa.i.  e  are  d.a  n 
to  .cale  The  coils  of  each  phase  and  the  crresp.mhn^'  phaM.  o  .  i, 
am  ,v  are  in  series,  so  that  when  the  .loi.ble  inductor  revolved  at  a 
^1  of  .50  K.  K  M..  the  voltage  ....hUu.I  was  volts  .  each  ,,hase. 

rtt:^'^.:^^ orth^rmature  lace  wa. 
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iiulu  s,  and  till-  output  8iM)  kilowatts  on  a  non-iiidu.  tive  loail,  the  inaxi- 
mum  »'X. nation  lieing  475  kilouutts  or  0-58  jvr  cent,  of  thr  output.  Thr 
Volfaf,'»;  drop  from  no  load  to  full  load  at  .oii--i,ml  extitation  and  --pt  i  1]  was 
only  4  •  r  rent.    The  fixed  and  tlic  lolalniK'  parts  wi  IkIi.  d        and  15J 

tons  l<  -|ii  i  lively. 

Turbo. Alternators.-  ihe  general  principles  to  be  followed  in  plan- 


■e  110  -  n.it  Woun.l  Stntor  for  Brush  -.so-KiloiwM  Alteroalor  (jn     r.  M.). 


ning  the  armature  windings  of  turbo-altomators  are  the  <ame  as  for  slow- 
-IM-ed  machines.  As  these  have  just  bt>en  explained  at  some  lengtli.  it 
i>  nut  prnpo^cj  to  recipitulate  tliem  here. 

ih.-  cnii-,truction  of  the  carca.>e  ol  a  modem  alternator  armature  has 
been  explaine«I  and  illustrated  in  the  last  section.  In  Fig.  3;^  is  shown, 
from  a  pli..ti.^rai'l;,  the  completed  arin,il.ire  or  -taiMr  of  a  turbo-alter- 
nator bi:  bv  tile  Uriti-h  WeMinf^house  I'kctiic  Companv.  So  far  as 
the  mleii.)!  cN  iin.iric  surlace  (.1  the  armature  is  concerned,  there  is  nothing 
but  its  particular  and  relative  dimensions  to  distinguish  it  from  the 


Double- IsPVCTOK  Akmatvkb 
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umaturi'  «.f  a  ^l..^v->,x•ia  alt.r.utu,  a.,mt..l  mv,...1  -f  tl,r  rr.rr.l- 
i„,  illustrations.  A  f-lanc.  h.-xv.x.,.  ,.t  .lu-  .n.l  omn,..,....  "J 
which  tlM-  end  c.vr,  .,1  tlM-  niuchi.w  has  Uti»  umov.<l.  sh..NN>  that  Hum 
a  .  much  more  ..h.llv  and  daU.rat.ly  clamp.-d.  and  tlus.  .n  lact.  con- 
stitutes  th*-  chief  diflerence.  beyond  tltat  ol  siae.  U'tween  the  Aim- 


Fig.  ««.— i 


the  numb-r  of  turns  pr  phase  deix.uau,K  .he  voltage  to  ue  P 
the  speed,  U»e  general  icheme  of  c  -nectuig.  etc. 
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A  bar-wound  armature,  constructed  by  tli.  Hmi  i,  il„,ni<nn-HMU  t.. 
Company,  w  d,own  in  Fig.  334.  It  «  fur  a  ..s-K.-k.l.matt  n.arh.nc  rui, 
ning  at  1.500  «.  r.ii.  in  «  four-pole  fiekL  TI»e  end  sludd  has  b(«n  r. 


1 

llfc-CllnalMll  «r  Ibe  CuiU  uf  «  I  wo-l'l, .  Win.linf. 

removod  to  show  the  connections,  wliich,  it  will  bt-  n..timi  are  vtr\ 
sun.I.r  t..  thos..  of  the  barrel  tvpe  of  bar  v,  „li„g  „n  a  continuous airrent 
arniature.    The  heavv  .„,,il,ittd  ring  r  r.  which  passes  round  b,hin,l  tl,,- 

connictiiig  lugs, 
is  to  give  thf 
necessary  me- 
chanical ^U|>|)<llt 
to  these  to  enable 
tluin    to  resist 
any  tendency  to 
displacement  in 
tile  event  oi  an 
accidental  sii  rt 
circuit.   The  de- 
tails of  the  Con- 
nect;   !<,  taken, 
however,  from  a 
slow-speed 
ni,!('liine  simi- 
iaily    W' uiid, 
can   ho  niore 
clearly   sien  in 
,5.55,  in  which 
a  poitiun  of  the 

„„,        ,.  „  ,    ^  stator  is  shown 

on!\  partially  Wound.  The  open  lattice  work  ol  the  upper  and  lower  con- 
nectors sloping  in  opposite  directions,  len.ls  its,.!f  admiraWy  to  cooling  by 
lorced  ajr  draught  in  an  enclosed  turb.>-alteniator. 

The  use  of  former-wound  coils  for  turbo-alternator  armatures  is  illustrated 


I  /  - 


If-  33>~W«MiaglMiiH  Cd-Wooad  Annuwt. 
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■ 


•  irti.iUy  wi)un<l  ht;it..r  ot  ;i 
;,;.,chinf  built  bv  tht>  British 
llu.m-'-ii  -  !I(.ii-t..n  (  «m- 
,,anv,lnt:iv.-;.v"iWil..xN..tt- 

',,,,,„  j,l,H..l  m  .1  l"Ui 

i.  vuKnii;  .It  .1 
I       K.  v.  M     H.  iv  again 
„;..„v   oi   tlK-   lUta.ls  aiv 
Miiiilar  to  th.)s»>  <'>«n<l  at 
tla-  inuW  fiul  (ivinnl.-  from 
rifnimutatoi)  of  a  ctm- 
cuiuiU  machim- 
V  ,  ,,  .  ily  such  changt's  in 
,  u  ,.s  aiv  necessitated  by 
v.. ■  Linn  on  11  concave  in- 
Meadof  a  convex  cyiiml'  '  «l 


have  been  descrilnfl  for 
bith   continuous  and 
aheraate  current  Rcne- 
ratoi^  ;  ami    as  u>iial 
the   conneitions  from 
o:ie  coil  t«  the  next  in 
8crii>  with  it  (U'lx'"'! 
upm   the    silieine  "f 
winding.     The  arma- 
ture,   ^^hown  partially 
vvounil  in  FiR.  336.  is 
hhowii  com'pl   '  flv 
wound  in  Fit  i37. 
which,  apain,  the  end 
^liiiM   i>   niiiiivcd  to 
^liow  the  end  comnc- 
tions. 

(  )  Disc  Apma- 
lares.  .Mthoivh  it  is 
theoretirally  i'ossible  to 
build  fliM-  armatures 
to  «ive  iK)l>  phase  cur- 
t^-U;;„,e,  u  „,!^5^'in<iiiw.        Ak    rents,  tliere  are  certain 

S|\i..es  lui  Cooling. 
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prarfical  ditlic  nllit-s  ami  dis. 
advantaRts  wliich  have 
hitherto  led  to  this  form  of 

armature  boini,'  roiistrucfccl 
tiir  single  -  |)lia-;o  ciirrcnl- 
<*iii\'. 

■  (it)  Flat  (  oils.  —  Tlii-sc 
armatures  mav  be  eitluT 
MitatiiiL;  or  lixrd.  Moddn 
t  xamiilcs  ol  uliL'rnafois  with 
rotating  disc  armatures  have 
U'cn  i;ivcii  in  flic  set  fion  on 
tl'e  "  inaf^netic  circuit," 
'  wliere  the  Ferranti  "  conpcr- 
tyjK'  "  alternators  (Fifjs.  22h 
to  228.  j>aRes  2.5,5  to  2,5«) 
li.lVe     lieell    descrihed.  In 

  the  same  section  the  lixed 

''^'^V^v^^^r^iS^^J^^^  dis<-  armatures  of  the  mmlem 

Mordev  machines  have  also 
lK«en  drscriliod  (Figs.  270  to  272.  pa^'es  2(>7  to  -'7.').     As  the  al.ove 
madiiiies  wire  the  most  lecent  ones  employiuK  tin-  lorm  of  armatmc 
further  examples  are  unnecessary,  especially  as  such  machines,  though  still 
in  use,  are  not  now  being  manufactured. 

{/>)  Solritoicl  r'();7v.— This  form  of  disc  armature  was  used  in  the  early 
(iordon  madiine  (Figs.  541 
and  542,  j)aKes  562  to  564, 


Vol.  I.).  The  writer  is  i.ot 
aware  of  its  being  used  in 
any  laige  or  important 
modern  machines. 

(4)  Pole  Aimatures.— 

Strictly  siHakiii;;,  tiie  ainia- 
•'ures  of  tlie  MoKlty  induc- 
t«»r  alternator  (Fi^^.  27!)  and 
277)  and  of  Kapp's  mono 
coil  alternator,  de-criixd  in 
the  1,1-^1  edition,  ate  poli- 
wound  armatures,  but  in  all 
thes«'  cases  the  coils  are  \ery 
shallow.  .111(1  aieon  the  ai  li\-e 

ends  ot  the  armature  jtoles.   

^"'"^  has    been    more  y^,.  3„._Co«.pl««.  B.T..H.Tou.ur.  tor  n.o^S.U  .M.hin.. 
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^^^^    f^^^^^^^^        lon«  distann-  down  tho  . .1,-  l.unnu,.,!  ,-.l,u 

of  Nvl,i,h  tl.'  ..,n,,.in.v  iru„  ,s  m.uU'  up.   Mul.  ........un.^  ...... 

The  U  k,...v..  ,.l  .1..  -  1-1.  am.........  ....u  ti"..-        .....loub  .•.IMl 

■■  X^wX....r  the  aroumnv  ol  v  l.u  h  was  tully  a.  .  ..).-  ,i  ...  .1.-  a>.  e.i.tn.n. 

,„  ,hV,  .  as.-  the  artnatur.-  rotated  and  the  tu.Ul  ma^m.     w.  ,v  l.x.  d  » 
„  ,„n  n...hi.M-  Nvith  t.x.'.l  a..,.atur.s  a.i.l  P.tatn.t; 

Urs  a..  u....  a....  (-.........v. ...  H.u,a.iv.h ..... ...t,^- 

varvinc  from  lo  to  jOo  kilov..lt-a.n,>.  n-  at  a  -t  n'      •  •  " ' 

IhL  method  of  construction  is  now  ci„,tc-  d.scanU  .l ...  ....M. . ..h. .  ..a..-,  sv.  k. 

v.— TfKHO-AITKKNAT.iKS  :    MF.t  HANK  AI.  DK  TAII  S 

Many  Of  the  si«cial  mechanical  pn.l.U  n.s  which  arise  i.i  th.  .U.^i^-nm^ 
of  ^-alternator,  have  necessarily  been  dealt  w.th  m  th-  ,...-..1..  . 

„       .,  .,  ,  ,llv  uh.  ..  vc.  th.  v  interlace  w.th  .ua,nct.c  ..r  eleclv.cal  a,l>. 
V  :  re  cma.n  lu>wcv  .  r,  one  .n'  ,w..  on,s,an.l...«  r  ...ts  which  are  n.terestm«. 
^1  W^S^^^   cons,.l.  .  at,„..  i-c  ause  ot  the.r  p.  a,  p,,.....  al  ..■>,..>,  Um.  .^^ 
Balancing. -Attenti..u  has  alrea.ly  Uvn  o=..cled  (s.v  ,>aK.>    71  to 
,..ft    "u   n  c...itv  for  carefully  "balancing"  the  armat,.re.  ol  c 
i^uo  s  cu„.  nt  .Kna,nos  if  s„...o.h  nu.ni..K     t..  1  -  .  cured     1  e  r...on^ 

pn..c,,.les  u,..U.rly.ng  such  bala.u-.n,  have  Ik...  '  "  ' 

,„  tl  e  ex.l  p.ionallv  high  s,x..ds  of  turlH>.alterna  ..rs  an.l  o.  ' 
t  „.  cctnlu  'al  f.M  es  call.  -l  i..lo  pby  vary  as  the  square  ot  the  aii^  .la. 
do^  t^  or  ;iH.ea,  an  a.l.l.t.o..al  word      caution  will  not  b.-  out  o  ,  ace 
,        ^t  is  one  of  the  arguments  a.ain^t  th-  -l^'-H;'--  - ''"'•'^l  ; 
:,n,...nK  th..  r,.tat,n«  held  magnets  that  .1  .s  d>|.....U 
f  r  V  hum. ca^ti.if,'  for  the  s.>lid  httb  an.l  ,H.lar  proj.-ct,....^.  a,w 
almost  imiM.ssiM.'  I"  "-■  "  itaiu  tliat  111.  ... 
frre  from  internal  blowholes  and  va.Ai.i.U  a.-.i>.t.e~. 

In  anv  ca-.-,  it  must  be  obvious,  whether  the  rot.-,-  a„  ...   h.  .  v  nu  n 
,  .  I      u  nt-n..!..  tvp..  an.l  .n  view  ot  the  heterogeneity  ol  ihe  .na..-..al~ 

;;ui;.:iu;;:r':.:;...wi.a,......i.a  --'-'^f- 

th,t   however  carefully  the  desipi  .nav  W  a,r,ll..l  an.    th    ..  .  n 
;       .,ut,  it  .,11  iH.  aithcnll,  ..  not  pract.cally  ....,".^-1.  ■,       ,1..^-.  a  . 
i  I'  nv  ,1...  a.  Mn..  ...M.lt.    V.  .  V  careful  tests  shonld  therelore  U.  n.  1 

.,  ,    1  ,  .  ,    ,1  ......1-  xv.ll  ahov..  tl...  ...... nal.  and  the  .l.-M^n 

on  the  com pl.ti.l  i"! -i  at  -p..'.  , 
.|„M.M  P.-..V..1..  1...  ti,e  ■.  .a.st,.lmt.on  ol  Mnall  ,na-.^.  ^..  that  l.>  a 


i,linMn.e..t  a  p.acticallv  ^rfect  balanc  n.a-,  i.-..lt 

AnXln J  the  End  Connectors.   Not  the  Uast  nni.o.ta..i  ..;  the 

n„..^aS  the  const, u.t.o..  ...  ,nvl«,-a.,ern.vtor.  a.e  the  s,.nal 


M.pi.o.t>  or  bracings  which  have  to  In  n-u  >•  k.-p       -.a  n 
in  their  places  on  machines  of  large  outi-ul.    buch  i..eea..t...a.  au  n. 


t  !i.n- 
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sarv  Ihchiso  o|  tlic  larf,'f  m<  (  li.iiiical  foia  s  which  will  U-  l)n>uj,'ht  to  Ix-ar 
iUHMi  llic  fiid  niinurtidns  in  tlic  event  of  an  accidental  short-circuit  occur- 
ring (i'Ting  thf  working  of  the  machine  whilst  ftilly  »  xcit<<l.  As  we  shall 
see  later,  it  is  possible  to  short-circnit  the  armatnie  <if  a  lari;e  alteriiatm 
when  uiifxi  ited,  ami  then  ti>  lai-e  ihr  excilini;  ciment  to  its  full  value 
without  tin'  current  in  the  short -circuit  <ti  armature  rising  to  more  than 
two  or  three  times  its  full-load  vahie.  If.  howe\er.  the  short-circuit 
siidilenlv  (Miiir  whil-t  the  nuuhine  i>  fnllv  excited,  there  niav  be  a 
momentary  rush  of  cinKiit  in  the  armature  ot  more  than  twenty  times 
the  fuU-Ioad  value.  Ihi-.  eiic unions  current  is,  of  course,  carried  by  the 
end   coimections,  which  are  in   ;he  fringe  of  the  rotating   field,  and 

the  mechanical 
forces  called  into 
play  may  be  so 
f^'reat  as  to  drag 
the  Cdiidnctors 
out  of  tlieir  jMisi- 
tions  nn^s  thev 
are  s<'rurel\'  :in- 
ciiored.  It  will, 
then  lore,  be  in- 
teresting to  ex- 
amine briefly 
snine  of  the 
m  e  t  h  ods  e  m- 
ployed  to  secure 
the  recinisite  nie- 

fig.  jjii.-Btu.h  M«hod  or  AndiorinK  ih.  Ktid  c,  nn^ct„r^.  <  hanic,d  rit^iditv. 

f  1   »  •    1         •      •       .  '  Brush 

Klectncal  Engmeennt,'  (  umpan^■  en :pl.,ys  sniMantial  damps,  built  up 
"i  hcavv  tnan.M.lar  ,  I,,,.,  .  cnrelv  l.,lted  to  the  framework  of  the 
machme  In-  three  studs,  as  shown  in  Fig.  The  conne.  t.,,.  |,„  the 

.hfferent  phases  are  at  different  di>tan.,..  fn.m  ,|,.,  „„„  „,  „,e  s,ator 
.ii>d  It  u  Me.v..,rv  „,  ,„„  hnr  then.  xe,s  ..,ur..Iv  „,  these  .v.sitions.'  The 
l.pne  -huw.  .harlv  huw  this  i>  provided  for,  a»<!  in  addition  „.  ,1,.. 
angular  damps  it  sh.mld  Iv  n.,ted  th.it  the  straiuht  n.„,.  ,,f  th.  , 
thev  come  ,.u,   l„.m  tl„  ,„,.  ,,,„,  •  ; 

maclnne  „f  whu  l,  ,h,,  „  ,.  p.„t  ,s  a  .'.ooo-k.lo„a.t  .nachme.    A  complete 
-M  of  a  sinyl.M  .Machine,  as  slu.wn  in  Fig.  .iv,.  will  assist  th.-  iv..d'r  to 
lUid-  iMand  the  det.nis  ..f  the  d  ini|.inc 

A  somewhat  similar  method  h  ,  n.plov.  d  |,v  .Mo.,..  C.  A.  l'..rso„s  .,nd 
"'1  . •-.„..,„.,.  ,,,  turlK-alternators.  The 

method  's  shown  u.  Fig.  J40,  which  us  a  hue  diagram  taken  from  a  j«per 
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roml  bv  Mi.  T.  P.  E. 

Unit  ln  t"i>'  ilif  Sc'utli 
Aliiiaii  lii-liiiil<'  "f 
KiiRinms.  Tliis  paix  r 
^t  t-  (ortli  tlu^  details  as 
^•,l•Ikl•ll  out  for  oiu-  of 
ill!'  ().o>M)  -  kilowatt 
niil)o-altc'riwtois  sup- 
to  the  Randfoii- 
1(111  ('<  iilr.il  'ill  till  h 

lii.WlT   sl.itioll    oil  till 

Kami.  Tlif  rotor  of 
tin-  iii.icliilli'  i-  al)on1  7 
ti<t  111  (liainitcr  and 
runs  at  i.ooo  k.  i'.  m. 
to  supply  tliift'-pliaM' 
cni  n-nt  at  50  jhtic  ds 

|M  1     -((Olid    .111(1  ().()()(> 

volts  between  phases. 
The  clamp-,  ot  which  then-  are  nine,  are  in  the  -ti.ipe  of  .1  (Hiadi  it(  i.il, 
with  unequal  sides,  alnmt  3  feet  in  cxtreiae  leu(,'tli,  and  111  th.  radial 
direction  on  the  machine  about  20  inches  wide.  They  clamp  down  the 
end  connectors  in  Kroujw  and  are  held  firmly  in  plan  h^■  i,mi  I  .  li-  m 

e  ,1  (  li    (1  ,1  111  p   a  - 


Clamprd  End  CoBiwctors. 


x\   -liiagran  of  Liaiint*.-!  l-.nd  t -Hinfctor*. 

tutlM  AiUtBM<II. 


shown  ;  ih<  \'  aio 
also  braced  toj^etlier 
by  rods,  and  simie 
siili-idiar\-  (■l.iiii|>s 
are  also  ^howii. 
The  methtKl  of 

1 11 .11  mil;  ll~ril  1  '\  the 

I'.n  I  i~li  \V(  -I  int;- 
-hoii-e  l-^liM  tric.it 
Company  has  al- 
ready been  -hown 
111  l-'ii,'.  I'-n  li 

-et  ol  (  lamps  il^ed 
islMiltedtothe  iMxly 

of  the  lll.K  hllle  by 
tWtibolt-.    It  -hoilld 

1h>  noticed  that  the 
connectors  are  so 
placed  relatively  to 


333 


F.t.F.CTKrciTY  IS  THF  Sfrvicf.  of  Mas 


one  .iiii'lluT  .Ts  to  inovid*'  ample  interspace  (or  tlie  ciii iiiation  of  the  air 
used  for  cooling  pwrjiosos. 

A-  .motlier  ex.-iiiiple  of  a  soiiiewliat  (lilTeniit  iikHmmI  of  lnaciiif,',  FiR. 
341  -iiows  the  details  in  this  ropect  of  an  ,S;S"-kil"« .itt  bipol.u  f^enerator 
built  1)V  Me>srs.  Dirk,  Kerr  and  Co.  In  thi>  ca-e  Mih-tantial  brackets 
projecting  from  the  bodv  of  the  machine  are  used  to  hold  the  comit'ctors 

in  place.  These 
coinu  rtors  are 
spaced  well 
apart  in  two 
layers,  «'ach 
liavinp  its  pat- 
ternot  bracket 
designed  for 
the  partiailar 


d  i  s  t  a  11  c  I'. 
.Ak.iiu,  as  in 
the  last  ex- 
ample, ample 
sp.ice  is  left 
lor  the  ven- 
tilating uir 
currents. 
Aimthrr,  ainl 
lAtii  clearer 
example  nf 
till.-  mi  tliod  of 
l)r.tcn>u  w  ill  lie 
loimd  ill  l-'ii,'. 
J42,  which 
shows  the 
larj^e  Dick, 
Kerr  .s.doo- 

K.  V.  A.  alternator  with  tlic  end  plate  removed,  and  with  its  rotor  (see 
Fig.  J04)  in  })<)>iiion. 

Oilier  methods  of  ancliorini,'  the  end  connectors  of  rotors  have  been 
'^liouii  in  some  of  the  illii-i  1  ,ii I'  li^  111  the  precidim,'  pages,  csjx'cially 
tluil  which  aims  at  si'curiiif4  tliein  lii  niiy  by  mean--  of  an  end  flange  or  cap. 
An  adilitional  example  of  this  method  1,'iveii  in  I'ig.  343,  which  shows  the 
rotMf  t.-i  ,1  s.ii^Mi-kilMu.itt  CiniK  till I'l'-uiiKi liutli  bv  the  British 
riiomson-l  loii^toii  C^imiMiiy.  This  sliould  i>e  conii'.iu d  w  nh  Fig.  ioj.  which 
shows  a  similar  rotor  partly  wound,  when  it  will  Ik  m  cu  that  the  l)n)ad  bands 
which  form  the  end  connectors  have  been  covcreti  by  a  massive  flange  bolted 


f  ifi.  34'- 


-End  Cuuneciut:> 
AUtnator. 


ut  buk,  Ken 
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firmlv  with  a  t)n)a(l  anniilii-»  or  riiin  to  the  in.iKin't  iron.  Inr iilontally.  it 
may  t>o  m>te<l  that  tin-  fif^urc  sliow^  \\w  slip  rini;<  lor  leadint;  in  tin-  mrront. 

Ventilation. — The  sizes  of  turbo-altemators  have  iricreasecl  very  rapidly 
of  late  years,  and  the  largest  marhines  have  now  an  oiitput  far  in  excess  of 
till'  output  of  the  lar).;i'>t  -Inw-^iH'cd  macliiiit  s  a^  v<  t  Imilt.  llii^  (l«  vcl<i|>- 
nunt  is  in  part  due  to  tlie  rcadinoss  witli  which  the  >ue  of  steam  tui bines 
can  be  increased 
witli'Hif  Ihcom- 
mj;  iiinvii'ldy,  as 
is  the  case  with 
reciprocating 
engines,  and  also 
111  part  due  to 
tliecoiiipai  tlU'ss 

the  electric  ^^^■BBC^Hik^ 
;.;int'rator,\vliii:h 
111  this  ri's|M'Ct 
niatcln'S  tiif 
turbine  prime 


mover.  But.  as ' 
has aln  aih  Ix'cn 
piiiited  out, this 
mcrease  of  sizt' 
iiiliiidiices  new 
un  t  il. inu'.il  Jiio- 
blems,  whiih 
nnist  Ik'  solved, 
in  a<ldition  to 
1  hi-  i  lict  ri  (m1 
piobienis  dealt 
with  in  the  im- 
Miedi.lli  Iv  pie- 
eeiliiiK  l>af;e>. 

One  ol  the  most  important  of  the--.-  i>  how  to  deal  with  the  w.i-t.-  h<  .it 
produced  by  the  inefficiency  of  the  machine  itself,  for,  as  has  U-en  remarked 
over  and  ovt  again  in  thesj-  pages,  all  the  losses  arising  from  the  imper- 
tect  coiivei-ion  of  the  enelKV  traiisinilted  to  the  sh  ift  bv  the  plillle  mover 
mto  the  eleitnc  energy  whieh  i^  led  away  into  the  external  ein  uits  hv  Hit: 
mains  ap|xMr  eventually  as  lt)w-grade  waste  heat.  Thus,  in  a  5.o<io-kilo. 
w.itt  in.Khiiie.  on  the  .isMinipl ii'ii  lli.il  the  >  tli.  i.  iirv  at  full  lo.id  i--  .is  high 
.1^  1,7  |K'r  eeiit.,  the  jhiwi  1  lo^i  l.v  1  oiim  i-ion  mio  lie  ii  1^  I5"  kilow.ills,  and 
heat  is  l»-ing  produced  within  the  111  i'  \n\u-  ,it  the  i  (iiir-|»iiHhiu;  r.ile  m  he.it 
units  per  second.  Now  a  sluw-siRcd  multiiM)lat  machuio  ol  this  size,  as  an 


Fig.  M»— BnwHig     Knil  Coniwctoti  at  Pick,  K«f  t,>*e  Kitonait  AIwrBalor. 
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in-]).'<  lion  i)f  ihc  likiMiati**--  aln-aily  t-'iv^-n  will  |>i<'vr.  lui-  i'-^  working 
|,,H  iv  in  which  tl»r^¥Gi.st«'  h»'i*>  is  Ik-j^  pf*«ki.*«d.  fairly  i'\\»>sv<\  tn  thr 
eueimff  inlhuwes  sMfce  swmumdiaff  atowwtfitow  and  <>l  thf  .ool  aii  whidi 

the  iiitatK'll  m!  t|i.-  t'u'lcl 

tliii>»»«b  th»'  \«-nUht«Hi.i,' 

]',\\\   i; :  'lie  '  M'  i  >  .  :ilti! 
naiiii.  uol  ..^>;^    i»  tin 
tnachiw  >4Mall*»f  in  jsia", 
Ic.iilinL:  thfrclne*-  1t>  a 
f^ir.itri  1  Miu  fnir.*f  ion  uf 

Ilir  111  . It  .  i.Ut   It   i  .ilx>. 

an<l  not'-sarih'  atmos. 
'■(>inpl*'t«'l\"  I'lH'I'i-  <'i 

"t  !lii-     i>ini;.  u>iKillv  iiu km hn  .  t !  to  ili'i  ■  I 
\  th<-  liid-i'Wni'ctoi"'-.  ,ii>' oiiiiltnl     A>  ina<  liiii*"- 


T  :.»  Cllrti^  ^.^xxfKlluwttit  .iUctliator.  ittioMi.ii: 
Klang*^  t*>r  Ifrotvcting  Kati 


w-'iiliLtliiiL;  .III  and 


dtf  liHW  IjfiiHf  Ueilt  ••f  #v<'  times  tlic 

Milmwm  'rt  ihi'  iirotilf  iii  lit  \fii 
Tilatt**  li."-  !»--ii)nii  I  Mcnii  K 
1 1. 1 1 ant 

I  h*'    iivwPT^  l*>\ 
;na#*iw>-  )«     drui-  stfft 

<  i.-.t'      ill  .  'I'lrtll    iti'  -ld>' 

Ih"-  .  i,i''!nt»»-  ii'^fn,  a^  :iii>- 
nm^ilv  a^  pos^rt*-  *hf*.#;^'!i 
tho^-    pall  t:-'    marl.i'  • 

wheri-  !lir  i-  .«'iiu'  |ir  -^ 

d"i:<il.  -tuA  tt>  disciMirK'f"  thr 
iioatt'd  an  nito  thf  apus.  ithvr 
passint;  fhr(iin,'!i  tli«'  ii'afhin  ■, 
XI  thai  till  rn,L;i!i'  -i'-  !  -i-H 
is  aKii  ki  jit  1  t  aM Mial'K  ■  "1. 

The  <lfta!!-  ot  tlir  in^1nKl 
ditfri  ult !i  1  ill!'  I (  ;it  1 1'  iL;ucr>, 
aixi  MHiii'  III  thiiii  li,i\c  .ihi  adv 
nppeari'd  'n  i)nr  ilhi>ti.iiiiins. 
llu"  incthiiil  .idnptfd  \>\-  Hinvvn, 
H<i\fi!  ,nid  I'll.,  i--  >iinpl\  -hnwn  in  Fit; 
t\w  rotm  (m'i'  I'ii;  ■''-•1^)  i.ni\'  l.n;  iiLuN-. 
tinus  calli'd,  ul  >h(«t  metal 


jiwt  roent!«»n«'d.  thf  satisfact»»ry 


Fi^.  344. —  IWuwii,  l*-.N'ti 


t  o'*  Mdh'x)  of  V>nlil.itiiis 
Alttrinatot}!. 


il.uli  -.  Ill  ,iii|"  I'l  l  ~.  a-  tlir\'  aff  ^nmc- 
>liap><l  lliat.  uhiii  thf  mtur  rutatfs, 
tlifV  diai;  ail  up  (loin  a  tunnel  below  and  drive  it  throtigh  the  m  ichine. 
This  air,  if  it  be  considered  necessar\-,  can  be  cleaned  and  cooled  at  the 


,l„tint  inl.  t  iH  lo.v  .-nt.TinK  th.-  tnnn.  l.    Us  cmr.-   .>  >  .own  Lv  t  ,.■ 

'         ..^  .l.v.a.n.  imh.  au.l  Utt.  n  -'>.•,.>...  ui.  t. tl..-  lau 
'  ,  ,,,cl.  .ml  ..t  the  ...tor.  alter  i>a>M.,,  vsln.l.     .Inul.  ■  into  two  ^n.am-: 
,  „„..  ,.„t.  rinK  the  lonfiitudinal  durts  behind  tlu-  .  ,.>.  i.l  .t.^  ..I  t...  ... 

„  1  iHin^  lor.v.l  lHtw,....i  th..^.  .on.  i-lat.s  and  diMhai^.-.l  a^;a...;.l  tlu 

,.a  c:.n.hKtors       the  arn.a......  ,  (...)  the  ...her  ent.-r.ns  ve„,.latn,« 

behind  the  armature  stam,  -.-^s.    These  streams,  m  the.r  numerous 


;>1I 


Kii;.  >45.    A  V.ntiUi.nK  Syslem  for  rur.»i-Allfr««..r«. 

„  unit.,  at  IV...  top  of  the  machine  rasins  wh.  i  tluA 


■ii.h-ilivi^ii III  -  "  "111"         ■■"    '  -i   ^ 

::u.;r.l,niin.v   .ml  .....  . .11.-1  ..W..V  lMin.U.~>lv.    Th-   H.ovm..  H..vvU 

,ivn  lino  ol  I'lale  IV.  IS  woUh>  ..t  -tiuly  .a  Ihi-  . onii.-'  tion. 

""l  ;  ,    (  ..rtis  turlx-aUernator  of  the  Hrit.>..  Tho,,,.-..  Houston  om- 

nanv  tlu-  .  h..,.iu.v  -v-hv  iinn,...lut..lv  W-himl  the  armature  co,e  ,.iate> 

.;.,.u  t..  .i.  th.. .......  m.,;..  t^..  houM....  -i 

i„  from  the  ....tside  finds       wav  U.^t  ..i  .!,-■  o  -iUal  ^1,  ,n  ^ 
vvh..u  It  1^  .....Jit    aii'l   pr..jecl..d  tlu....i4h  U.e  >tot^  .il  ih.' 

:   J,      ,„.„h..i..,.h  tlu-  sl.,t.  of.  the  s,at..r  int..  the  al..ve  anm.l.ii        .  • 
V  'uitabv  place.1  scr.-ens  .,..i.  <4  it  is  .hv,it..l  ..u        ■  ^  ov.r  t  u-  ... ul 
Int  tLl    Having  reached  the  uuuuU   .,ac.  .  a  ca.,  theu  eUher  be 
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discharfjf^  into  tlie  ro<.m  or  UhJ  away  throuj^h  a  suitable  chimney  or  a 
dischaiv"  i>ijv  Ix-m-ath  the  fl<i<ir. 

Tlif  w  ill  ill'  sv>ti  tn  is  shown  <li;ii,'i  ainin.iti<MlK-  in  V'v^.  ',45.  Tlic  air, 
after  pa>>iiif;  through  a  suitable  air  tiltt-r  in  a  nnjin  outside  the  engine- 
room,  enters  a  duct  leading  to  the  alternator,  thn^igh  which  it  passes  as 
described  above.   The  quantity  of  air  can  be  re^'ulattd  l>v  a  (laiii|H'r.  .1 

  "  draught     indicator  " 

giving  s<ome  idea  of  the 
conditions  at  any  mo- 
ment . 

A  still  more  elalxirato 
system  of  air  ducts  is 
pro\ided  in  the  turlxi- 
alttTiiatiir  of  tlic  I-^Iit- 
tric  Construitidii  Cuni- 
|)aii\ ,  sliDwii  in  Plate  \'\  I.  Tliere  arc  do  fewer  than  four  air  inlets  in  tin- 
base  of  the  machine,  two  at  each  end.  Tliis  ensures  that  reasonably  cool 
air  shall  reach  each  important  part  of  the  machine  direct  liefore  the  air 
has  Ijcen  warnnd  by  pa-^-^ii''  thnninh  •  ilur  i>arfs.  Ww  cnurx's  of  the 
various  streams  are  clearly  >iiown  by  arrows,  esjiecially  in  Fig.  294,  and 
detailed  description  is  therefon*  unnecessary ;  but  the  reader  is  strongly 


f\m-  }4«  — CowptoW  Brawn,  Bom!  Bmor, 

on  Shaft. 


V«MnM<n|>  F«m 


Fif.  Kotor  of  R.ooo  k.  v.  *.  Dick,  Kerr  'riirhc  -Alttniator.  showir!,;  Vrnii  .iiing  K.ni. 

recommended  to  trace  the  courses  out  for  himself  and  to  note  the  careful 
way  in  which  the  housing  has  been  designed  to  attain  the  objects  in  \ipw. 

It  has  been  (X'^'  -'  icd  that,  in  many  cases-,  to  obtain  a  .i;i)(ul  <lraiight 
through  the  heated  jvn;:-  ;  1  tin-  .  ladiine  sheet  metal  impellers  of  suit- 
able shaiie  are  t^vfd  in  piujx-r  jiositions  on  the  rotor.  Many  firms  go 
farther  :\rd  build  up  rt  ends  of  the  rotor  what  are  virtuall\-,  if  not 
acti:  .;iv,  fail.,  de.signed  so  as  to  i)U)j)el  tue  air  through  the  machine.  An 
lUusif  .ion  of  this  is  given  in  Fig.  3^,  which  shows  the  comf^ted  rotor 


VtyTIt  ATH^lt  Of  TVSHi>-ALTKIl.\AlOliS 
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""T*-rs  l)uk  Kn.  an.l  Co.  t-av  tlu-  even  m..ri-  .Ut.ulud.  a.  shovvn 
detail'  oMhc  cor^truction  of  which  have  iK-t-n  already  U.-.nUd.  Im 


is  shown  t  lx  wlu  i--  (1  i,-,- .>4-).  _  ,  „.  i;„,    .  ,s     It  is  a  ii 


is  shown  t  ix-wnt  iv      .s.  .i^-/.         ■  ,„'i.-i,,    .  .H     It  i-^  a  m;u';im- 

1      ..iv..  the  verv  larfje  output  of  8,000  K.  \  .  A-  "  '  ^     '  .' 
"""T      ,1    ,n    xn  l  o(  tt  largest  slcam-chiun  .luw-^-.l 
outimt  t^tvatlv  n>  >  ^'       '  »  r.m-r  the  fans  stvn  in  FifJ.  .VP  '  '"^ 

yet  bmlt.    Tlu.  cml  ^  Uu.t  thoy  can  Ua.l  th. 

dearly  made  out  in  FiR.  34^ .        .  •  „„,,,i,„.  dirr.  t  fu  the 

fans,  by  Nvhah  ..  wUl  I.  I'^l  '^'n      iT  InwU     t..a..is  Uu-  .,,..  n- 

uy  suitable  deflect  o,,w  1  I  m.  a  suitable  chimney, 

ing  at  the  top.  from  whitli  it  can  ix  ai>uuiii. 


1»8 


F.  fr/ K/riTV  /.V   /7/A-  Sf  Kl  li  f  itf  ,1/l.V 


I  ni  il„  .lutinit  naiiud  tin-  •pmntitv  <.l  lual  tu  W-  «aiii.<|       at  dill 

lo.icl,  .  \,  II  at  hiKh  rfliru'nru'S,  will  !»•  v«tv  runsidfrablf. 

Terminalf.    in  i.ir^f  tiiii><>  .iit  <'Hl.ltn|  .  tile  tt'l  lllin.lK  I 'I  till  .ilMl.lMlti' 
wiiMlin«s  are  ii>uallv  plari  .i  at  the  U.ttuiii  ..l  ilir  iiia<  liiiir      ilial  tlit-  « 
rent  can  U-  led  away  by  cabfes  laid  in  trenclR-a  to  tin-  controlling  switcli- 


•■'■l!.  H  ).  -  r.:rinin.-ii ,    1  I'ct  l,l<r-   1     .•c.|'ha^<•  Alitrn  iMr. 


Ix.ard.  TIk'  inMila!i.,:i  .if  thcs,.  t.  riniiMU  ...  (,|  cMii^r  carefully  (K^j-iifd. 
i  -lHiialh-  111  lii^li-\,.|ia),v  niarhim  An  ,  \,iriii.li'  is  ,i,'iven  in  Fif,'. 
Wliidi  >li.)ws  til."  aiiii.iturf  of  tiic  I'.cbits  >taii(laicl  <n><n-t\i«'  tuilx)- 
altcrnator  with  tlu-  ond  sliit  l.l  partly  nmoad.  J  li.  io  aiv,  in  tliw  ( a>o. 
six  Iniiiiiial^,  I...1I1  ,11,1,  ,,|  ,  <.[  till-  thrc-plia-c  windinfjs  U-ing  brought 
mit       that  till  V  iiiav  Ih'  ouiiuctftl  in  star  or  iiu'>li. 

Aiinth,  1  I  \  iiiiplc  is  f,>iv»n  111  Fi;,'.  _}5o,  which  depicts  the  standard  tyjx! 
of  thret-phast-  turbo-alternator  built  by  tlie  Lanca.shire  Dynaino  and  Motor 
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,  ,„„mny.  l-inut.-.l.     11.  i--  ..n|.  .1...  ,  I.  ...U  .n.  I... ..>.!,»  ......  tl..-  «....ln,,, 

,,,  th.-  amiat.iiv  Wini;       nun.  ntlv         ...un..i..l  xvmI,  il,.   luiit.  .1  i-nU 
,  ,„„i,,         tlv  .1...— il.l.'.     ill.'  I.imiii,.l>  ..I  111.-  t.,...-.-k. !..«.. It  I'.ii-  u^ 

.u,U.-.ll.n«.'"-'  •<•"«''  "' 

,„.l  ^.nw  "i  th.'  ilhiMralionH  ..t  ..th.r  m.uhm.-  ..I-'  '»>"w  hmli-v.-li.u'.- 

uriniuaU.        yi. -Ft  kmkntahv  thki.ky  m   \i  ii  kwi.-k- 

Tl..'  •'.  M.  i.il  I'lm.  ipl.--.  ..I  nKi:'n,  t,,..  l.'.  III.  iiuln.  Ii..n  aii.l  .-I  tl..'  iiuil,'.!.  t..^ 
,„,u.t  .M".n  wl.ul.  tl..-  .l..ani,.at:v.    bw^  «l,uh  L'..v..n  tl,.-  d.-M.-..  ...kI 

wi.i  kinii  .»f 
.,]!.  in.'.i.'i- 
,111-  I'ii^.-il  ill.' 
tl,.'  >amf  as 
tilt-  tiirn- 
-  |Mi  .1  il  i  ng 
I  a»i-s  III  .  iin- 
iiii.i.ms  .-ur- 

,,.nt  .Ivna- 
wlii.l. 

Ii.i\<-  aiitailv 

Uin  ti.aU.l 

,1  t     >  <»  .11  <' 

1,  iiurlh.   It  i> 

,,,,1  iiiti  ii.!.-.l 

t  .1       I  .    (.1    ■!  ' 

Il  1-  I  I-  w  11  .  ■ 

wlirli-  111  thf 

l),ii>k,  b.it 
i.itli.'rtiisiip- 
|4.  Ill' lit  .mil 
ixtiiul  It, 

l„,,„  ,„..  ,l,ll,-..  n..-s  wl.ul.  ansc  in  api-ly..^^,'  H..-  "u.it.  ,,.1.1.11.^  tl„- 
il  la^-s  ..t  th.-  vai-i.ms  forniN  of  alt.-n.at...-.    Su...-  ni  .1,.     .lilt-  n  n.  •  • 
,  .v..  alr.advl.c.n  dw.h  ..p....  -u  ul.a.  tullv      ,h-v  h„v  -n'-' 

in.  pa,.-s  i,.  o„....-.t.....  Nv.lli  .11.-  d.  Kill-  ..t  .1.  .'-n  ...  d  -  ^ 

,!,.  va.im..  tx,..-s  ,.f  „iarl,hu->.  a.t.l  i,.  taki.iK'  np     "     -.--1  '"'1-  i'  

.IH.ial  i.it....:^t  ,..ca,.it..lali...»  .'f  umv  tl.an  .>  al.M.lul.  K  ...c.-  .iis  vmH  U- 
av.mU-a  as  far  a>  iM.»ibl.'.  ,  ,  ,1     ,  .,  ,.  ,„ 

calculation  Of  E.II.F.- Two  ,c..„.-.al  -a^.-^  a.--    (  M  .  .  -a^ 
whicH  the  winOitigs  are  umfor.nly  d..lnbuic^  nm.id  tl..  i....i.li..>  tin 
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armature,  and  (6)  the  case  in  which  the  active  comluctcirs  of  any  particular 

ciKiiit  air  in  small  ^riiup^  uitii  iiitirvaU  lirtwccii.  titlur  ('),)  laiil  im  th' 
active  Mii  lace  of  the  arinaluri'  {-lot.^  and  tuuiu  N  being  mchuhd  ni  tins  divi- 
siun),  or  (/< )  ceiled  on  cures  or  jH)lar  j)r(i|cctions  at  regular  intervals  round 
tlie  peripliery.  In  what  follows  we  sliall  use  tlic  same  symbols  as  when  deal- 
ing with  continuous  current  machines  (sec  jiai^es  4.S ;  and  51.^  Vol.  I.),  with 
tlie  addition  in  ninltipohir  tnachines  d  the  symbol  />  to  denote  the  nuiidnr 
of  ■pairs  of  poles  and  using  the  symlM)l  N  t"  denote  the  Ilux  from  any  one  pole. 

((/)  Distribiilcd  Windings. — The  cases  in  wliich  the  windings  are  evenly 
distributed  tliroughont  the  activ<'  belt  of  tlie  armature  aic  very  similar 
to  the  corresj)onding  continuous  current  cases.  In  wh.it  lollows  the  dis- 
tance from  the  middle  of  an  N  pole  to  the  middle  of  the  adj  icent  s  pole, 
or  any  etjuivulent  distance  measured  in  tlie  direction  of  rotation,  will  be 
referred  to  as  the  pole  pitch.    We  liave  therefore, 

Time  of  a  complete  revolution  — 

Time  of  passing  over  one  pole  pitch  =  ^  ^ 

Flux  per  pole  =  n  (maxwells), 

E,,^ )  per  conductor  =  n  ■!•         =  2  p  ns. 

Two  cases  itow  arise  : — 

(i.)  The  coiuluctors  may  be  joined  in  parallel  gioups  to  two  slip 
rings  electrically  equivalent  to  the  manner  in  which  at  any 
instant  the  conductors  01  a  multipolar  dynamo  are  joined  to 
the  collecting  rings  through  the  brushes.    In  this  case  we  have 

Number  of  conductors  in  series  =  - 

2p 

and  therefore 

•e„  =  2  *  «  n  X  —  —  m  z  k  (1) 

(ii  )  The  c<inductors  niav  be  joined  in  series  in  j,;ron|)s  equal  in  cir- 
etunleii'iitial  length  to  the  pole  pitch,  and  tlu'M'  groups  so  con- 
nected that  at  the  instant  of  ma.ximuni  induction  in  each  gioup 
all  the  E.  M.  F.'s  in  the  circuit  are  m  the  same  direction,  In 
this  case  we  have 

N'undier  of  conductors  in  series  =  z, 
and  therefore, 

=  2  p  n  s  X  z  —  >  p  n  zs  (2) 

The  windings  in  this  i  do  n<il  lorni  a  ilu^ed  circuit,  but  are 
cut  lor  connietidu  to  the  slip  lings  at  the  juiRtioii  between 
two  groii|)s. 

(6)  Grouped   Wiiulin'^^.    I'he  c  .i~es  Coining  under   this  hc'adhig  are 

•  Koi  llic  mt'.iniiig  ol  E.,  >c-e  p.iyc  54;.  Vol.  I. 
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mimerous,  and  are  not  amenable  to  the  same  simph-  meth-xl-  .<f  cal.  nl.itn.n 
.i-  tlin-c  ju-t  nn-i,U  nd.  Ill  .1  i;.ii<  r,il  wav  it  iiiav  be  -aid  that  the  vahie 
i„  1  ,,  the  111  uiii.iiii  I  .  M.  I  .,  .I.  p.  u.l-  iii".ii  thf  .inantitv  u  z  N,  and  where 
a-  inaiiy  groups  a-  tlu'ie  aiv  pan-  ..|  p-.l.  -  aiv  iniii,  ,l  in  n,  -  it  tuitlivr 
depends  uixm  the  product  />  «  z  n.  Hut  it  i>  nbvmu-.  that  th<-  vahir  ol 
the  maxinmm  e.  m.  F.  at  the  instant  when,  on  tlie  whole,  tlw  eoiiihu  toi-  of 
a  single  group  or  coil  aic  most  rapi.llv  cuttiiii:  the  lines  of  force  of  the  ti>  ld 
.lepends  upm  the  relation  betwe.  n  tlu'  gronpnm  of  the  c.-n.hictors  (uMially 
known  as  the  breadth  of  the  coil)  and  the  di-tnbutiou  ol  x\w  ni,iL;i..  tu  llus. 
riic  above  expression  must  therefore  In;  multiplied  by  some  diflficient  k, 
Nvhi.h  depends  tii>on  file  relation  lietween  the  breadth  or  arrangemen'  of 
the  conductois  of  each  group  or  oul,  the  width  of  the  jxtle  faces,  and  the 
ix)le  pitcli.    We  have,  therefoiv,  Imally. 

which  mav  be  taken  as  the  general  formula  for  alternators,  in  whicli  t  le 
zp  groups  are  all  m  series,  and  includes  the  ca-e  (,()  (w.)  above,  when  the 

value  of     =  J.  ,        ,       .  ,1 

Measured  E.M.F.—lhc  above  ealcul.itions  give  the  value  ol  i:,.  the 
maximum  ordinate  of  the  E.  M.  F.  curve.  But  it  has  In-en  shown  (s.-d 
pi-e  7()0.  Vol.  I.)  that  our  measuring  in  tiument-  d.i  not  give  readings 
ot^his  cjuantity,  but  usuallv  of  another  .luaiUitv  n.imelv.  the  root  mean 
sqmre  of  the  volts.  Further,  the  relation  between  th.'  v.ilue-  ,.|  i  .in.l  th,> 
i(.  M.  s.  {root  mean  Si/iuire)  deiH'iids  \X[Km  the  shape  ol  the  i:.  M.  F.  cuive. 
If  this  curve  be  a  sine  curve  it  is  shown  that 

E,  ,„.,.  =  -'=  0707^0  (4) 
If  the  curve  be  not  a  sine  curve,  but  have  some  other  sliape— for  example. 

one  ol  the  curve-  of  Fig,        Vol.  I.    the  rel.itioi,  between  E       and  E„  may 

be  very  different,  and  mu-t  be  .,-rerta.ned  lor  the  p.trticular  curve  under 
consideration.  For  the  value  of  k,.  .  or  1  .  (urf„„l  -.oils),  a-  ue  m.iy  call  it, 
/,  in  tlie  e-iuation  ( ;)  must  be  replaced  by  anotlier  coethcient  /.„  and  thei;  ue 
have  lor  the  volts  as  ivad  on  an  ordinary  voltmeter  properly  calibrate<l 

F.  =  Av  x  p  II  y-  s  (5) 
Professor  Kapp  has  calculated  the  N.ilue  of       for  v.inous  widths  of 
iwles  and  breadths  of  coils,  the  fiel.l  under  each  pole  b.mg  supposed 
uniform.    His  results  are  embodied  in  the  following  table  :— 


I'.  V  Wiillh.  Tula!  lireaJlh  of  Copier  in  C.  il. 


i.  1;.  U.1I  to  Ml.  I,  li.>ltol|„t,h(,  o^,  ,n,-h..l  o  ,„rl..,v|     ^  .,v 

Jl.\llof,„t,-h  I,,,uM.M">l'""^'"'>i  V"           '"T     i  .  '  V,' 

A    llallof  pil.  il  ll.ill  ..r  iJil.h  (o.M-nnt;        ..I t.a..')     I  -.,'«'• 

5   Thiril  ul  piK  K  ,    Tliiiil  ol  piliU  Kovcriiit;  Ihml  ol  surlac.)  |  2  !>yj. 
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For  a  disjH)sition  <»{  windinp;^  and  field  that  would  pivo  a  simple  sine-taw 
wavo  of  E.  M.  F.  wv  should  ha\-f     =  (i.f.  j  x  <>7<7). 

Tor  anv  othor  case  tiie  \mIiu's  of  A-,  and  k\  (an  l)e  loiiiid  f;ra])liiealK 
''lthoii};li  the  j)i(Kiss  is  hilxirioii-.        hist  plottiiif^  tlie  field  intensity  I"! 
le  whole  ot  the  jK>le  pitch  and     ducinf;  therefrom  the  E.  m.  f.  in  ea(  h 
f  the  conductors  in  each  slot  in  various  positions  along  the  ])(ile  jiitih  ; 
idni  these  results  the  uave  form  (  an  be  ])l(itte(l  tn  scale,  and  then  tlu 
letermination  of  k.,  and  k,  follows  easily.    For  each  piiase  of  a  i)olyphas( 
machine  Mr.  Eborall*  gave  the  value  of  k,.  as  lying  In-tween  n  and  2-3, 
the  average  and  most  common  value  being  2  2,  and  z  being  the  numlier 
of  conductors  in  each  phase. 

/'(i/v/>/ii(s('  I'n's^iin-.  The  calculations  for  the  (generated  K.  m.  K.  in 
machines  wound  for  p(ilyi>liase  currents  follow  the  lines  sei  forth  alx)ve 

for  single-phase  currents,  but  when  it  is 
required  to  calculate  the  pre-'-ure  between 
the  terminals  attention  nnist  be  paid  to 
the  intenial  ((lunections. 

In  the  manner  shown  the  E,.  and  E,,  foi 
t'lich  />/i((\c'  can  1k>  calculattnl  separately. 
With  liio-f>lnisr  nun  hines,  where  the  phases 
are  entirely  distinct,  the  usual  case  {see  Fig. 
$2(},  Vol.  I.),  the  voltage  in  each  circuit 
will  be  as  calculated,  whiNt  the  voltage 
(v)  across  the  lines  of  c.ie  diffeient  phases 
will  be    v„  =  E„  -i-       =  0707  E„, 

V,  =  E,  =  0707  E.. 

For  three-phase  machines,  in  machines  "  mesh  "  connected,  the  pressure 
between  lines  is  the  same  as  the  calculated  ])ressure  generated  in  each 
phase — i.e.  either  E„  or  E,.      For  the  "  star  "  connection,  however,  the 
calculation  will  first  be  made  for  a  single-phase  a  j.  b  j,  or  c  j  (Fig.  351) : 
the  jiressures  S(.  (•alculat((l  will  differ  in  phase  In"  one-thiid  (t\  a  juiiid 
(ijo  ),  and  the  j)res>ure  between  any  two  lines    a  and      (or  instance 
will  lie  the  vector  sum  of  the  pressures  in  the  adjacent  phases,  and  therefore 
v      i:„  X  2  Sin  (10°  —  ^' ;  1:,,  =  17  •  k  , 
V,  =      X  2  Sin  1)0^  —  ^  ;  i;,  —  17  ;  i:„ 
Olliei  c. !-•(  ■-  I  an  be  siinilarly  treated. 

Armature  Reactions.  The  armature  reactions  in  an  alternator  arc 
governed  by  the  same  principles  as  those  applying  to  continuous  current 
machines  (s,  ,-  pages  502  to  505,  Vol.  I.,  and  loo  to  129,  Vol.  II.),  but  are 
complicated  by  two  additioiuil  conditions,  namely: 

(i.)  The  magnetic  strength  of  the  armature  as  an  electro-magnet 
varies  in  magnitude  from  a  ma.ximum  to  zero. 
•  The  Eltiliitiaii,  \'ul.  XLVII.,  jugc  144  (1901). 


FijS-  351.  — 'riuecpha--**:  Line  Pr(asu(^. 


(ii )  TW  Hf.rtivo  nui^n.  ti.-  rnlos  ..(  tho  annutuie  d..  tn.-n.apu  t  u. 
i  s,n«U-plKiM>  .i.n.,.im.-  ult.-r  tlu-.r  }H.>itum  in  >,.ac.-  durmn 
'everv-  half  l>eri.Hl.  :uul  tin-  i-oMt,,...  is  a««:tod  by  th.-  phas,- 
,,1  tin-  armature  current  ami  by  hy>tt'resis. 
I,        ihoretore  be  .implest  to  n.nsidor  first  Xhv  character  ol  the  anna- 

.         -hall  al»       .1..-  .......  ....        "I  »"•'>•"■'  "" 

.Diitimion-  current  machines  (loc.  al.). 

\Vhen  the  hne  of  the  shivring  comiections  A  B  is  horizontal  (iMg.  352) 

llie  r.M.K.  is  zero,  ami  ' 

„,  is  the  current,  since. 

bv  livjothesis,  there  is 

„„     I;,!.',    and    in  the 

absence    of  hysteresis 

the  iron  of  the  armature 
no  magnetism  due 
t.i  currents  in  the  con- 
ductors, althougii  it  IS. 
of  course,  magnetised  by 
the  field  of  the  dynamtt 
,\s  the  armature  swings 
round  tow  ards  the  i)o>i 


p"-;.,""'^l,en  the  hne  of  th.  .Up  vin^s  is  vertical,  the  current 
to  f  max  mum.  and  the  cunent-eanym,  conductors  may  be 
,„,n.a>e-  to  a  maxmuu  ,,i,i„„  Mt  betwe.n  th,  v,-,tual  In,.- 

,  ,u..i  ,uto  wo     -  0.  ,^ ...... 

a  J  and  hi  (1  if-     ->.)■  '  ,    •  j        ,„„  extreme 

until  it  reaches  a  maxnmnn  m  l;i^;.  ^ 

Between  the  j«.s,t.<^s  m  Figs.  354  and    .6  a    n   ^       ^^^^  ^^^^ 

bec.)nu■sa.^•>".^^'^/^^«''^.''''''l'•t^^*^^"*"^;^7^^^     ,       ,,.r„  354)  to  a 

in  which  the  demagnetising  ampere-turns  rise  from  j. 


334 


EUKTKKITr  IS  THM  StltyKM  Of  Ma» 


and  (ii.)  the  cross*magnetising 


maximum,  and  fall  aRain  to  zero  (Fif;.  356) ; 
ampere-turns  sink  from  a  maximum  to  zero. 

At  Fig.  35f  the  whole  series  of  changes  commences  again,  but  wi  J; 
the  B  conductor  taking  the  place  of  the  A  conductor,  and  vire  versa. 

To  sum  up,  the  effect  of  the  armature  current  in  the  special  case  con- 
sidered may  be  regarded  as  a  combination  of  (i.)  an  alternate  mapietising 
and  demagnetising  flu.,  of  twice  the  periodicity  of  the  machine,  and  (ii.) 

''  a  pulsating  cross- 

magnetisi.  4  flux 
wliich  is  always 
in  the  same  direc- 
tion, but  rises 
twice  to  a  maxi- 
mum and  sinks 
twice  to  zero  in 
a  single  period. 
Both  these  varj'- 
ing  fluxes  will 
give  rise  to  eddy 
currents  in  non- 


F'fi  354  —Current  a  Maximum. 


^       /^^^       R  to  t 


f  *  355'— CuiTsnt  Decreasing. 


35^  — Current  /A-ri. 


BiHar  Allenutor  Armature  with  Non-tnd  ictive  Lo.id;  '  M  llori/untal 


laminated  pole 
faces. 

Effects  of  Lag. 
is  now  easy 
race  the 
*.  0  effects    of  lag. 
?  With  a  lagging 
current  the  jxisi- 
tion  in  Fig.  352 
will  not  mark  the 
close  of  tlie  de- 
magnetising 
efftct,  for  there 


vnW  still  be  current  in  the  conductors,  which  are  all  now  included  in  the 
demagnetising  belt.  The  demagnetising  effect  will  continue  until  the 
current  reverses,  which  may  be  when  the  line  a  b  is  in  a  position  well 
removed  from  the  horizontal.  The  actual  angular  distance  will  be 
determined  by  the  power  factor,  and  will  be  ;nu-h  that  the  cosine  of  the 
angle  with  the  horizontal  will  be  etjual  to  the  power  factor.  For 
instance,  if  the  pt)wer  factor  1>.  o  -S,  we  hnd  that  Cos  36°  51'  =  o-8,  and 
in  this  case  the  reversal  from  demagnetising  to  magnetising  effect  will 
not  take  place  until  ab  has  moved  forward  through  ^b"  51'  to  a  p)sition 
marked  approximately  by  the  dotted  line  //'  (Fig.  353).   As  the  next 
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'  :"tt  e  of  the  masneti^mR  Wit.  the  effect  .s  to  ,.r.,l, ,1,^  ^  ^ 

;  io.l  ami  >l...rt.u  tho  ,ua..ut,Hnu  p-no,!.  aivl  ,t  .s  aUo  nl.vn.w  that  ^  e 
|;;;im  de,nag.a.t.s.ug  a,npe.e-tu,n>  ..11      .-eater  than  th-  ..ta..,.nnm 

t^^^-'^^r-cross-magnetising  a„tpere-t«vn.  w.ll  ...  al.ays 
W  m  the  sime  (lnfition  ^ 

in  the  jMi  cedm^;  la-e, 
l.iit   between  tJie  posi- 
ti,,ns  A  B  and  /  /'  (FiR- 
',52)  thi  y   will    1h-    re-  f 
versed  in  ilirectmu,  and 
will  tend  to  strengthen 
the  tlux  at  the  leading 
(lolc-i  n  s  ntstead  of  the 
tlux  at  the  trailing  poles 
n's'.    The  greater  fluc- 
t\iating  increment,  how- 
,  vi  r,  will  still  be  at  the 
trailing  poles. 

The  effect  upon  the 
tu  kl  Hux  of  the  lirst  part 
(1.)  of  the  reaction  may 
be  shown  graphic  ally  by 
the  cur\'es  of  Figs.  357 
and  358.  in  which  the 
horizontal  line  F  f'  de- 
notes the  total  Ilux  set 
up  by  a  ptcady  current 
in  tlie  field  iiiai;nets.  In 
both  ligures  the  poMtmn 
marked  0°  corre-ponds 
to  t'  e  pe-sition  shown  in 
Fi.u-  352.  00°  corresponds 


  mo^ 

r*  J57.-Ar..u.tu,.  R.  -  tion;  Cu„.m  wd  K.  M  K  in  S«w 


36^ 


90 


-.58.  -  Af  ii„-\turf  k< 


n  :  riirrni!   I  .i.:K 


,    o-o      p:,,  ^-6     In  Fig.  557  the  rurivut  and  1;.  m.  1  •  are 
ti>  I-      1S4  and  iN)   to  I  ig,  3do.    »"  * 'h- .u/  ,  , 

it,  he  in  st.p   the  power  factor  Ix-ing  unity.    The  .Itect  nt  the 
supposed  to  IH  m  st.p.  u  ^^^^^^  ^  1^^^^,.  j,.^,^ 

macr  tisng  and  deniamuti-mt;  l'<n-  1-  ikumi 

?„..^^ir  u  1  1  1   -1-  are  equal,  and  the  mean  value  of  n 

"^l  Tl7elU  -t  of  tl,..  pnl^ati..,.  .lowever.  in  g.uerat.n^  nui.nt  n 
..lumped.    111.  Mu.i    1        I  ,    ir  ,  ,l,.,il  with  the 

s.lid  pole  faees  must  n.>t  be  L.^t  -ii^lU  ot.      lu  1.^  3^ 
,,.e  of  a  p..wer  factor  of  <.  f<i  ami     ...n..iu...t  1,..   ■!  V  •  I 
liie  whicl»  now  denotes  the  effect  of  the  above  belts     lowered  .  ah  u  .pcct 
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a 


tlic 
dead 


to  thf  line  i'  F'  and  also  muv.'d  i.i  tlic  lii^lit.  si.  ih.it  \\w  tw..  t  n.ssiiii,'  poiiii- 
«>ccur  at  .',(>' and  ifo  rc^|i.  (  tivrl\ .  TIjc  t  llt(  t  udw  is  ti>  im  ivasi-  tlu'  Hiix 
lH!t\vivu  .',<)"  and  and  Id  dniiini>li  it  lutwf.n  (lo"  and  21*)".  Mon-over, 
the  —  l(H)p  is  now  much  iar^iT  than  the  -(-  loop,  x.  that  on  halan.. 
there  is  a  «lema,!,'neti-iinf,'  effect  and  the  menu  vahie  of  n  i>  low.  nd. 

Iti  th. li-iin.,  tl'i'  (uiv.  -  have  In-en  drawn  as  sine  curves;  witli  tli( 
u^ual  ( urn  lit  waves  tlie^  will  be  more  irregular,  but  the  general  result  will 
Ix-  as  indicatwl. 

Tlie  percentage  in;i-;nitndc  of  the  tlein.i-ni  ti-iiiL;  i  ffrct  on  the  ti.  ld  in 
any  «iven  case  will  d<  p.  nd  upon  the  relative  valiirs  of  the  ticld  ma^jnets 
and  the  annatuie  as  elect ro-.uaKiiets,  the  latter  dei>endinf,',  of  courw, 
inductance  of  tlie  armature.     Hence   it   is  jx.ssible   to  place 
short  circuit  across  the  terminals  of  some  alternators  with- 
out   daniai^'f   to  the 
machine,  although  the 
full  excitation  current 
is  rtowing  in  the  field 
coils.  The  explanation 
is  that  the  heavy  cur- 
rents ])ro<lucefl  hav( 
so  ,t;nat   a  lai;  that 
their  deinai^ileti^inf,; 
effect  oil  the  fields  is 
sufficient    to  refluce 
the  total  flux  to  siidi 
a    value    that  the 
E.  M.  F.  obtained  is 
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maintain  a  harmless  current  in  the  short-circuited 


-anic  prufc^.  ,,t  nasiniinj,'  which  we  have 
shown  tliat  the  efdcts  of  a  leading  current 


only  suiiicieiil 
armature. 

/:/7m7s  ,/  T.c.ul.  -By  th( 
employed  al)o\c,  it  may  be 
in  till'  aiinaliire  coils  are  - 

(i.)  An  alieniate  imignetising  and  demaL;ii.  lisiiii,'  action  in  tin 
held  in  nhich  tJie  mapietisiii;-  action  is  the  j;icater,  s(,  that  the 
"■  -.in  value  ol  thr  Ilux  i>  iiuicased  thereby, 
(ii.)  A  (loss-magnetising  action  which  alternately  si,,n;;thens  the 
Ilux  at  the  trailing  («'.v'.  Fig.  352)  and  leading  (n  s)  p„lc  tips 
but  the  former  to  a  greater  extent  and  for  longer  periods  than 
the  latter. 

The  fn-i  ,.1  th,.,,.  ,.tf,.rts  is  shown  gra].hicallv  in  Fig.  359  which  is 
drawn  siiinlaiiy  to  Fig.  35S.  but  for  a  lead  of  and  is  to  bo  similailv 
inten»reted.  The  increase  in  the  average  value  of  the  lield  flux  x  is  very 
apparent.   It  is  on  account  of  this  effect  that  engineer  have  advocated 


EfFF.CTS  op  LKAniXG  CirKKFHTX  AXn  HysTFKFSm  ??7 

tlir  intr.xlurtion  «»{  .t>ncU>ns«'rs  into  altemati-  ctimiit  .n.mt-.  Tii.  ir>iilt, 
\\.'  Ii  iv  i.n  viou>ly  shown  (vv  panos  545  to  547,  I.),  «muI.I  W  Io 
Im.mIui.'  Ic.KlmK  currents,  and  ll  -ri-foro  t"  strfnython  tin-  ful.N  of  the 
.■t-m-rators  by  tlic  anii.itiiu'  lo.iMhiii  ;  t>ut  llir  i.i.i'  tu.il  .IiIIk  ii!tv  1^  t" 
pnKluce  condensers  whuh  will  W  "1  >ulti(  u ill  tapa.  ity  .'.u.!  not  l.i.  .ik  .l..uu 
linder  the  conditions  of  work.  Mr.  Swinburne  many  years  af;o  approached 
iicii.'-t  til  a  M)liitii>n  of  this  (lirt'uully. 

Effects  of  //v>/rr<Aiv.  Hy-ttHM>  will  c.iu-e  the  rever-^al  of  magnetic 
effect  to  la-  xmiewliat  heiimd  the  rev.r-.il  nl  tlic  .iiuiin.-tuni^  m  ihe 
innature  c(rils.  and  therefore  will  usually  tend  to  mciea^'  the  elt.rt  d  a 
l,...Mv  current  and  to  diminish  the  effect  of  a  leading  current.  I  he 
,,nmt."iii  will,  h  tl..'  nn  ve.  in  Imks.  358  and  35<^  tross  the  line  V  v'  will  be 
moved  a  little  tt)wards  the  right. 

Characteristics.— The  curves  of  intere^  t<.  the  llMT-,  ..f  ..llnnat..,-, 
n,  not  (piite  the  same  as  in  the  case  of  •■If-e-citmK  cniilimioii-  iinivnt 
,lvnani..=,  loi  it  is  ..bvi.ms  from  the  p-  .  t  the  curve  commtmK 

t!,e  !•  I),  at  the  terminals  with  the  e.xt  •  .  (the  -  external  Jtn.u- 

h-rislic"  of  a  continuous  current  mscln.  .'eiKiid  in  an  .ilt.  in.itor 

not  onlv  on  the  speed  and  excitation  c  (  t.,e  machine,  but  al-.,  u|u.u  the 
nower  fact.-r  of  the  wli.ile  .  iiriih,  which  wilt  be  laiK-  ly  inlhieiice.l  by  the 
character  of  the  external  ciicuit.  1-  ,i;ive  ihe  ^-iiiie  information  as  the 
external  characteristic  of  a  amUmum^  cunviit  ina.hm.-  (-v  l  it;.  4'"'. 
\,.!  I)  .1  MMie<  of  nirves  would  have  to  \h  <hawu,  and  b.toie  a  ii-er 
omld  decide  whu  li  apj.!..  d  to  a  given  load  he  would  have  to  determine  the 
,M.wer  factor  of  th.it  Ina.l,  not  always  an  easy  operation  without  a  >iH-cial 
instrument  or  instruments. 

\  more  useful  series  of  curves  would  U-  those  connecting  the  ex(  it.itmii 
,,,„-,-,,,„  requiied  to  niaiiit.iiii  a  con>taut  V.  n.  on  the  terminals  with  the 
„,,irhine  running  at  a  cmM.uit  spee.l  f,  m,  no  loa.l  to  full  load  for  various 
power  factors,  though  the  u>efuliiess  of  such  culve^  1^  all.  >  tr,l  bv  llu  co„- 
--nleritioii  juM  mentioned.  The  curves,  however,  woul.l  >how  the  amount 
..1  RKiilation  re-iiiired  t.i  obtain  constant  P.  O.  umler  .liffen  nt  circ.mi  .tances. 

Xo.Lo,un'hi,n,clmstics.--\u^cM  ami  pe, fe.  tly  d.  tin.te  .  u.ve  to,  any 
.Tltern.ator  is  the  curve  cimnecting  the  e.xcitmg  cuirent  (or,  more  >tri.  tlv, 
the  excitation  ampere-tnnis)  with  the  volts  produced  at  the  terminals  on 
open  cin  uit.  tlie  machine  being  nr,  at  normal  spewl  .hiring  the  expermient. 
Since  the  dvnamo  is  then  .pnte  uuloade.l.  this  curve  is  usually  known  as 
the  •'m>-load"  characteristic.  It  i>,  in  fact,  the  '•  map.c^at.on  cmvr 
of  the  machine  for,  with  no  di  .turbmg  current,  in  the  ariiiatmv,  the  volts 
gemmated  will  api-.ar  imalter.'d  ;.t  the  terminals.  an<l  will  1m-  strictly  pro- 
portional to,  ami  a  measure  of,  the  um  lul  mauncLc  tlux  and  the  ^..ed.  but 
the  latter,  being  constant,  its  variation  (h.e>  not  atle.    tli<'  '  une^ 

Such  a  curve  for  a  3.000-kilow  alt  two-phase  alternator,  which  may  tx> 
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taken  a«;  faiilv  tvpic.il,  is  sliown  in  Fi^'.  3^)0.    Tho  Ktmoral  rcwniblance  of 

the  cui\'  I'l  .1  iii.i'^iii  lisitiiiM  (  iirvc  1  :ii  I"'  -t  i  n  1>\-  t  nin|>,ii iiu,'  it  witii 
Fig.  25J,  1..  and  t-.|H'Cially  \\itli  tin-  <iii\i'  (nr  "  x'lt  aniualrd  iron" 
in  that  fipire.    Fig.  40  may  alsi)  bf  i<  it  iml  tn. 

Short  -  Cin  itil  (lumictcriiiticft.  —  \\\o\\wx  um  IiiI  alfiinator  curve  is 
oMainid  1>y  niniiint,'  th<*  matliine  at  nnnnal  -|>ti  il  and.  with  the  fields 
umxiititl.  ^luMt  cirniitin!,'  the  tiiininal-  tlnMiiL;li  a  Miitablc  ainiintir.  A 
small  cxcitatiiiu  current  is  then  passiil  thnm,i;li  the  lield-rnaKnet  roils, 

and  gradually  increased 
until  the  ammeter  shows 
the  full  load  or  the  maxi- 
mum safe  current  wliith 
can  be  passed  through 
the  armature  coils,  when 
tlif  experiment  nni-t  he 
-tojipeil.  ll  simultaneous 
readings  of  the  excitation 
current  and  tlie  armature 
current  are  taken  and 
plotted,  the  result  will  he 
a  curve  similar  to  tliat 
shown  in  Fig.  361,  and 
which  kiiiiv.n  a-  the 
"  slwrt  -  i  itciiil  i  hiir,hlt  r- 
islic."  The  paiiimlar 
curve  IP  ig.  361  is  taken 
from  11. e  same  machine 
BO   invito'  aoo  aio  aao^seo  366'  ^inT^iw  that  LMve  the  "no-load" 


Eaxicacion  in  Amperea. 

Fig.  36a—"  No-L(KiJ  "  Characteristic  of  ■  3,000  K.  W.  Alternator. 


characteristK  t)f  Fig.  j6o ; 
and  it  is  interesting  to 
n«>te  that  the  maximum  excitation  used  in  the  short-circuit  experiments 
is  17,5  amperes,  wlnNt  in  the  r.o-load  experiments  the  excitation  current  was 
pusheil  to  4J(i  ampere-. 

Now  tliis  short-circuit  excitation  is  a  measure  of  the  inductive  reaction 
of  the  armature  for  the  various  currents  con>ii!ered.  For,  apart  from 
oiimic  re-i-tanre,  which  in  this  experiment  ma\'  u-uall\-  be  tn  atetl  as  prac- 
tically negligii)le,  the  i;.  .M.  r.  due  to  the  held  e.\citatii>n  is  nearly  balanced 
by  the  back  E.  m.  f.  due  to  the  inductance  of  the  armature  under  the  par- 
ticular current  dealt  with.  Unis,  referring  to  the  above  curves,  we  tiiid 
that  the  excitation  wliicli  !4i\t  -  151*  amperes  on  the  short-cncuit  ciu\e  can 
set  up  in  the  armatuif  (nil-.  a-  shown  by  the  no-h)a<l  curve,  an  i".  M.  F. 
of  5..55'>  volts  j)er  phase.  To  drive  this  I5i>  amperes  througli  the  ohmic 
resistance  of  the  armature,  which  is  0  535  ohm,  would  only  require  about 
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s.»  vdlts,  whereas  5. 350  volts  ire  Keneratiil.  \V<>  iinv  tlierefore  Cfinrlmle 
li  lt  tlie  short-circuit  cxcitatmn  (<>r  iiny  current  gives  a  jiractical  niea'-uie  of 
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reactive  atniierr-tum« nf  t!io armature 

•  I  tli.it  current.  Tlie  "  ni>-li'a.l  "  t  itrn  iit 
h.  iiiK  practically  a  wattles  1  urreiit  is  lu 
,|n.iilratMro  with  its  E.  M.  F. 

CilciiLiti'  ii  of  l.i'LiJ  n\citiili«n.—i)ne 
,1.,.  iif  the  ■•iu'  l'iail  "  aii;l  "  >hnrt- 
,ii<iiit"  cluiracteii-tics  is  ti>  calculate 
the  voltage  drop  in  the  alternator  uiuler 
mil  load,  or,  what  i'?  tnc  '  inip«)rtant,  to 
,  ,il<  ulate  t'-'^  ex<  itatiim  recinired  to  iii.iiii- 
taiu  a  constant  i'.  n.  at  the  tennmals 
when  the  machine  is  loaded  with  an\- 
|m;i(1  which  it  can  carry  safeh.  There 
,11, ■  M  ver,.l  methods  of  making  this  latter 
,  nil.ititiii,  but  the  following,  dnv  to 
|'.,liu-i:schenlnirf,',  is  simple,  and  leads 
t  .  api^roxiinately  correct  results. 

ll  lieinj;  ie(niKiil  to  tind  the  cxi  ita- 
tiou  necessary  to  niaiutaiu  a  certain  I".  D.  with  a  .uiviii  current 
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I  Fig.  /,!  — "Shnrt  C  tr'ilii  '  Ch.ir.-»(.trn>tit  (rf  » 
oj-K.  w,  Alurn  itor. 


lad,  the  ex- 
citation (S.)  required  to  ^ive  this  current  on  short  circuit  is  r.  ad  <>lt  imm 
the  curve.    Also  the  excitation  (s„)  necessary  to  give  the  de>ired  r.  i>. 

on  the  unloadetl  machine  is  ascertained  from  the 
no-load  curve.  These  two  (X'  italion^  addrd  t(>i.'etln  r 
will  give  the  miiu  part  of  the  txdtitiMU  wanted. 
But  in  adding  u  must  be  remeiiiberetl  th.;  the  two 
(juaiitit  .'s  whidi  are  being  considered  are  not  in  step, 
and  therefore  thev  nnist  be  added  vectorialU;  allowance 
being  made  for  phase  ditference. 

First  suppose  that  the  power  factor  is  unity 
((  OS.  9  -  i).  then  the  inductive  reactance  of  the 
armature  is  in  quadrature  with  the  current  which  is 
in  step  with  the  p.  D.  at  the  terminals.  N'egUctuig 
ohmic  drop,  this  p.  i>.  can  only  be  prodm  ed  by  an  im- 
jiresscd  i:.  M.  v..  wliich  is  combined  with  the  reactive 
volts  according  to  the  laws  already  fully  explained  (see 
page  54.5,  Vol.  I.).  We  inu-t  therefore  set  off  a  line 
o  N  (Fig.  362)  fur  the  no-load  excitation  and  a  line  o  E 
at  right  angles  to  it  for  the  armature  inductive  re- 
actance. Measuring  s,  along  o  .\  from  o  and  s  along 
O  r.  and  joining  s,  s„  wc  iind  the  approximate  excitation  required  for  power- 
factor  unity,  which  will  give  the  necessary  effective  p.  D.  at  the  terminals. 
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EtKCTnicirr  ih  run  Skk^/cm  or  Mah 

For  a  p«iwpr  farti)r  (Cos.  ^)  not  equal  to  unity,  tlu-  current  in  tlw  arma- 

f.nv  .  itli.  i  hiK>  l»  lmi.l  n,  |.  ,„K  Willi  i.-pr.  t  tn  the  E.  M.  F.  by  an  anslc 
antl  ti.«-  inaKiutic  nat mm  'H  tli''  tu  l.l        il.  xrilM-d  alx.vf  ha^  to  b.'  takni 
into  account.    In  tlu-  ti.riiu  i  .  .im  ,  willi  tli.'  (  uimil  Vv^'^wvz.  uf  mu-t  .ili.  i 
(Mil  <liaL;i.ini  (FiK-  36J)  l>v  iayinK  <'ll  a  lin.'  t»c  (Fij;.  Ai).  making  an  aiiKl' 
^  \Mtli  th.  line  01..  anil  mcaMirc  s,  alonj,'  this  lim*  instead  of  alonu  ok. 
U-cau-f  llif  in.liKlivr  rf.ut.iii.f  1^  -till  111  <|ii,i.li.itiiir  uitli  tli.'  .imi.itMi. 
curriMit.    Till'  line  s„  s.  will  ii"\v  n'vi'  1l>«'  riMiuirnl  i  \i  it.iti'Mi.  .mil  it  1. 
oinkmsly  of  Rreater  length  in  FIk  363  than  in  Fin.  J<>j.    In  t.u  t,  \m  h.  t. 
get.  in  another  way,  a  Kraphiral  example  of  the  effect  of  a  laKging  current 
on  the  excitation  of  the  machine.    The  effect  of  a 
leailmn  cuimit,  on  the  .•tin  r  li.iiid,  for  whidi  the  aiii.:!. 
«  would  Ih?  measured  on  the  other  01  lower  Mile  ol 
0  K.  is  obviously  to  eliminish  the  eyitation  necessary  to 
)i1(m1iiic  the  r((|iiiit(l  r.  d.     I!\  iiiiiikiiii;  "If  the  jiai- 
tiniLir  value  o|      s  *  IciumI  uu  the  r.ic  o  (I'l^-  .I'M) 
the  value  of  the  v..  M.  r.,  k',  p.  i  |>li.i>e  can  be  ioini.l 
The  load  current  selected  for  this  example   is  73 
amperes,  and  the  p.  I».  I(>,<mm>  volts,  which  is  much 
below  the  lull  load. 

The  alMive  mvesl'K-i''""  iieglecl>  the  etfeit  ol  the 
armature  resistance  and  edily  currents  in  increasing 
the  vnltai;e  drop,  and  al-o  a>Minie-^  that  t'le  i.iagnetic 
le,ika;;e  i>  the  >aine  tur  all  exiitatinu,,  .hieh  v>e  know 
1-  not  the  case.  Hy  assuming  that  the  increase  ot 
leakage  is  projHjrtional  to  increase  of  field  excitation 
Ixtween  no  load  and  full  load,  a  correction  can  W 
applied  tor  liie  chaiif;!'  in  llie  in. limnetic  le.ik.ii;e. 
The  whly  current  eliecl  i>  negligible  on  iiiodtrn 
machines,  and  the  effect  of  armature  resistance  (rJ 
can  be  allcmcd  for  by  calculating  the  \  alue  of  the  expression 

/i\  C,  K, 
t'os.  If 

whore  the  >ynib.>N  have  the  usual  meanin|:>  (mv  page  331).  On  adding  this 
to  the  E.  M.  I-..  1:'.  already  found,  we  get  the  i^iint  E,  which  requires  the 
excitation  to  he  increased  from  ku  to  .'45  amperes. 

The  above  constructions  can,  ol  course,  be  combined  in  a  sinj^lr  diiiKi  am, 
and  this  has  Ix-en  done  in  Fig.  365,  in  which  for  clearness  a  luav\  (.ver- 
luad  li.i-  been  taken,  tiie  ariiiatnre  current  Iving  assumed  to  be  4f)0 
ampeiis  per  i)tia>e  .m  i  the  V.  \i.  10,550  volt>.  With  a  power  factor  of 
u-8  this  gives  an  over!. 'id  of  alxmt  50  jht  cent.  The  ordinate  give- 
the  excitation  required  to  obtain  the  v.  u.  (=  o  v)  011  "'  uo-load."  If  the 
•  for  clearness  Kii;s.  j6a  and  36J  arc  drawn  to  a  lar"        Ic  lhan  Fig.  364. 
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160  too  Jo'  aao'  mo  «» 
ExclCACJon  in  A,nfiuna. 


iiuii-  ili"l>  ^'        •"'''<  '• 
tlll>,  iUul  lllf  IH'lllt  <• 

K.jictfd  fin  to  thi"  rurvf 

•        ,M1<1  tlull  "11  ti'  th. 

.,,11/iMital  axi:»  at  \  \v< 
iTt  X,  X,  as  Ww  coiit  t  liiili 
■  I  (ihiiiic  drop,  riw  Imu' 
N  V  i~  then  drawn  at  an 

,11-1.-  nl    ',u    (-iiir  •  "  ■  S 
I      .;()  )  ti>  till-  vi  lUi  .il 

itid  thf  short-circuit  t>x- 

,  ll.lllull  \  S   fur  till'  --lire  i- 

iiiil  lo.ul  cunciit  nua- 
Mintl  out  alonf;  it.  llir 
1.  (Uiired excitation  tor  the 
^ivin  load  is  n  s,  which 

tllliud  (Inwil  nil  till- 

huii/outal  axfs  f;i\t>  o  x, 
,is  th«-  riMjuired  vahu-  of 
ihr  t  \(  il.itiiiii.    On  jiro- 
yxXi\\\^  this  imc  t..  thf  T^*- 
lurve  at  d  and  then  to  the  volt  axis,  we  find  tlie  internal  i:.  m.  i  .  (  =  <>  i  ) 

corresj>ondiut.'  to  thi>  ex- 
citation. 

If  it  wi  ll'  ]>(i-ili|i-  t'lr 
tlie  machiiu-  to  laiiN  >o 
liravv  an  overload  as 
would  W  re(iuired  to  nive 
tlie  >aiiie  i\nnnt  per 
jiliase  at  powi  T  lai'ti)!  =  I, 
a  similar  con^tructioii 
wouKl  Ix-  followed,  and 

\vi.\llcl  vue  the  iii-ee-~ai\ 
exiitatiiiii  .i>  o  \  .  In 
tlii<  ca>e  the  >liort-circuil 
e.\<itatlnll  x,  s',  is  to  be 
iina~\ned  vertically. 

An  examination  of  the 
numerical  data  shows  that 
tor  the  inductive  load  the 
regulation  as  measured  by 
the  risi-  uljo\e  the  normal 
P.  D.  un  switching  o&  the 
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Fie-  3$-,— Piedcletniiiialioii  of  Regulation, 
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load  is  I5'I  per  cent.,  and  f<>r  tlio  non-inductive  load  about  9  per  cent., 
which  is  good  regulation  whi  n  it  is  rcmembtred  that  the  case  worked 
out  is  for  an  excessive  overload. 

Wave  Forms.— Attention  has  been  called  {sec  pige  Vol.  I.)  t.. 
the  necessity  for  examining  the  wave  form  of  an  alternate  current  by 
means  of  an  oscillagraph  or  otlu  rwiso  to  ascort.iin  how  far  it  differs  from 
a  simple  sine  wave.  Later,  when  dealing  witii  tlie  jHoblems  of  trans- 
mission of  electrical  energy  by  alternate  euiients  and  in  other  cases,  u 
will  be  shown  that  tlie  liiKlier  harmonics  refe.red  to  as  being  sometime^ 
present  may  throuKh  resonance  give  rise  to  surgings  of  currents  which  mav 

lead  to  (hsastious  reMilts.  Since  tlir\ 
are  therefore  imixnlant,  we  are  her. 
concerned  to  consider  how  such  har- 
monics niay  be  generated  in  the  wave 
produced  by  a  n'.odern  alternator,  and 
how  tliey  may,  if  possible,  be  mini- 


mised, if  not  eliminated,  by  good 
design. 

When  a  lei  tangnlar  loop  of  rop]HT, 
such  as  is  shown  in  Fig.  452,  Vol.  1.. 
is  rotated  at  a  constant  speed  in  a 

l>Orfectly  uni'  mi  horizontal  magnetic       j-i^.  38s._sine  W»ve  and  Third  Hannooie. 

field,  a  simi'ie  sine  wave  of  e.  M.  F., 

as  shown  in  l-ig.  433.  will  be  generated  in  the  coi)per  in  each  conipleti 
revolution.  In  other  words,  the  rate  of  cutting  of  magnetic  lines  ai 
each  instant  will  be  jiroportional  to  the  sine  of  the  angle  of  the  jwsition 
of  the  loop  at  the  instant  as  measured  ironi  the  vertiral  i)osition.  Kven. 
however,  in  the  simple  case  shown  in  I'lg.  452,  it  would  be  ditticult  to 
satisfy  rigorously  the  condition  that  the  field  should  be  horizontal  and 
jHMfectly  uniform.  With  the  iM>ie  faces  as  shown,  there  would  be  a 
cur\ing  outwards  and  a  slight  separation  of  the  lines  at  the  top  and 
bottom  of  the  field,  making  the  rate  of  cutting  less  at  and  near  the 
vertical  jwsitions  and  relati%ely  increasing  the  rate  for  the  same  total 
flux  cut  at  and  near  the  horizontal  position.  The  effect  would  be  slight, 
but  distinetly  jierceptilile,  if  the  wave  form  were  analysed,  being  not 
so  marked,  but  the  same  in  kind  as  is  shown  in  the  black  curve  in  Fig. 
366.   \Vhen  analysed,  this  wave  is  found  to  consist  of  a  principal  or  funda- 
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inrntal    and   Minpl*'  sine  wave, 
,  omt>in.'<l  wiUi  It:-  third  luirmomc. 
,,(  triplf  the  Inquiiuy  but  of 
„,uch     less    amplitude;  these 
u.ivt-  arc  shmvii    by  the  two 
line   line  curves.    At  ti  nt  mn  i> 
lalled  t<)  the  jwsitions  oi  tl.e 
l,,..p>  t)l  the  harmonics  at  and 
,„.,ir   ttu'   jxnnts  o°,   lf<<'°.  and 
;(,n  ,   as  sliowin^  tli<  ticct 
the  weakening  oi  the  held  m 
the  vertical  positions  of  the  lot  p 
,,n  the  i:.  M.  i-.'s  generated  near 
those  jiositions. 

The  case  of  a  modern  altn- 
nator  is  necessarily  more  coniph- 
rated;  but  liecausc  of  the  fringuii; 
,,1  til.'  luld  at  ll.r  l'"le  tip- 
>hould  expect  to  hnd  anion^-t  the 
more  complex  results  an  effect 


"8 

e 

l>4 
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similar  to  the  above,  nanielv  the 
presence  <>(  a  thud  liaiin"UU-, 
for  the  (Ustuibance  incurs  at  and 
near  the  same  electrical  anpdar 
jM.sitions,  i.e.  at  o»,  i8o°,  and 

A  more   complex  wave,  as 
obtained  by  an  oscillagraph  from 
a  modern  alternator,  is  sh(nvn  m 
Fig. 367,  which  depictsthe  K.  M-  F. 
wave  produced  by  one  of  the 
Siemens  alternators  in  the  gene- 
i.itin.L,' station  at  tlie  N'orlhanipton 
Polytechnic  Institute,  London  (sctf 
pai;e  3S0).    The  .u  tu.d  wave  is 
>hown  bv  the  thick  line  curve, 
,,ud   it-    h.irni'«nic  constituents 
,l,,>l„-"d  by  h.iiniouic  ai\.dy-es 
,ire  shown  m  the  fine  hue  curves. 
The   tine  line  curve  which  » 
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drawn  anion;;st  the  ripjjlcs  of  llio  thick  curve  is  the  pure  sine  riirve  which 
most  nearly  tils  tiie  thict;  i  miac  and  m  |ii(--ciil-~  tin-  iii.iin  o(  llic 

E.  M.  K.  It  will  Im!  noticctl  that  in  addilion  to  this  tonu  or  luiidanuntal 
wave  no  fewer  than  three  harmonics,  of  sufficient  itn]K)rtance  to  api)ear  in 
the  analyses,  are  present  huildinj;  tlic  actual  or  resultant  wave.  They 
are  the  third,  fiflh,  and  twenty-ninth  harmonics,  and  are  represented  by  the 
curves  wliieli  lie  (  lose  to  the  ha>e  line.  The  curious  thing  alM)ut  this  particu- 
lar case  is  that  all  the  harmonics  are  nearly  ol  the  same  amplitude,  their 
amplitudes,  in  the  order  named  alwvc,  being  2'2,  2*3  and  2-5  j)er  cent,  of  the 
lundamental  wave.  As  the  specification  to  which  the  alternator  was  built 
laid  down  that  no  harmonic  was  to  ha\e  an  amplitude  more  than  2  jnr 

cent,  of   the  fundamental  wave,  it 
must  be  allowed  that  the  designers, 
/  Messrs.  Siemens  Bros.  Dynamo  Works, 

/  \  have  coiniilietl  very  nearly  with  this 

g  \        stringent  condition. 

/  \  In  order   that    the  constituent 

/  \    waves  may  Ik;  more  clearly  grasjwd 


l)y  the  reader,  two  additional  draw-   \  // 
ings  ar(:  f^'ivi  ii.    In  Im;;.  jdS  tiie  com-      \  if 
plete  wave  is  reproduced  without  the        \  / 
twenty-ninth  harmonic,  but  with  the  \  / 

third  and  hftli  liarni(inic>^  left  in,  all  \^ 
the  waves  lia\inf;  the  >anie  ampli-  ^'"^'•^^^^^^ 
tudes  as  in  Tif,'.  It  will  l)e  Fig.  ^^-curv..  of  1  i^..  .67  wiihojt  ihe  Twenty- 

noticed  that  not  only  do  these  waves 

differ  from  the  fundamental  in  i)eriodicity  and  amplitudi".  but  that  there 
is  also  a  |)1kisc  disphucment  in  each  (,i>e  amounting  to  2uS  electrical 
degrees  of  l.ig,  or  14.2  de\iees  of  lead,  in  the  third  harmonic,  and  163 
degrees  of  lag  in  the  fifth.  These  phase  displacements  are  the  cause  of 
the  irregular  tlistribution  of  the  ripples  of  the  resultant  wave  in  Fig.367with 
resjx'ct  to  the  jnire  sme  wa\e. 

In  order  to  assist  the  reader  still  further,  Fig.  36<)  gives,  on  a  nnich 
larger  scale,  a  piece  of  the  central  part  of  Fig.  367,  the  vertical  scale 
esi«  cially  being  much  increased.  The  relative  jjositions  of  the  harmonic 
( 11;  \  e-;  witii  ie>i)ect  to  one  another  can  in  this  diagram  l)e  much  more 
ile.irly  made  out. 

The  causes  which  produce  these  harmonics  are  interesting.  The  third  har- 
monic mav  be  explained  in  the  >amewayas  the  thin!  liai  iiionie  in  Fig. 
namely  by  the  inlluence  ol  tlie]K)le  fringes  aided  by  the  rachal  direction  ot  the 
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,l„x  in  thr  ^;,i,>.  That  its  -.xmyhtmU-  i>so small,  ami  that  ,i  .-n,  tl.r  .1.  ilu- 

The  fim.  ha.m,.nu  th.  vm.-  .  1-1,.  v.>  i-  L.-  -In.  U:,  ,1,., ,  M'l-- 
.Muuuinf,' ..(  an  .v.nlv  di>tnlmlal  vvnuhn^.    H,.'  r.us. ,  .  m 

i  r  on..  phaM.  only  of  the  w.n.lin,'.  In  this  pha..  .h.  .on.ln,  ...^  ....  u 
J  ,u,s  o.v....n,  ,.n..-,hinl  o.  .  ,,,1,  ,.,,,1,.    Wl„  n  ..11         '    ';"  IJ  ) 

noes  and  al.o  when  well  «.  tlK>,.a...  In  tu. .  u  Hk-  fp-,  •.h.^  vv.l  t.  n.l  ... 
llat.'n  tlu-  curvo.  as  comparod  Nv.;h  a  Mn^K  -pl,..-,  .^.ui.n,^  -  ^.  ..Iv  .I.m,  - 

or  the  -mo  .u.v..  xv.lh  tlu'  llurd  harm-m.-  .hu-  t..  th,-  pol.'  tM-.    Ih.  tu>t 
!       gives  rise  t..  a  Uu.p  opix,s.-d  to  th-  nun,  l.n.p  a,      „.  .u  „^  m.,xnnunK 
,u,l  ,h.-  ..r,.nd  to  two  opiK.siug  lo<.p>,  ..n.'  on  .  nhcr  m.U'  ol        .>.o  or 
,  r..»mt,'  point  of  the  main  curve. 
Except  for  a  Mnall  ph.l^t■  ilitl.v- 
encc  of  17"  <hie  to  some  >.■.  .m.l- 
ary  cause,  this  is  what  the  aliove 
"luiv.-  >li-w.    A>  'li'-  <^pl''"'i- 
tu.n    r.iinir.s    time  n.L;ative 
liarmonic    loojw    in    th.^  halt 
w.ivf.  two  int.  rnudiate  iM)>itive 
loops  most  simply  .  onipl.  i.'  the 
harmonic  curve,  ami  then  no 
reason  in  this  case  to  LNj.t 
more. 

The  tw.ntv-ninlh  harmonic 


jOy,— Curves  near  ihe  I5u  l'..mt 


.  .  "s.  :  :-;ia.n.         tl.  author  helu.v..s  it  to  1.  ,1,.  ,0  the 

^t^  i^lols  per  poll  p...    pha...  ana  ,0...    u,      alnv  ,  h..a  a-  - 

slots  pass  ti;.mgh  the  leaka,..  .u  Ul  lu  .w.en  t  e  po  •  ^ 

00  that  as  the  teeth  pass  throufjh  this  part  ..f  the  h.l.l  tl,.    Mum  ,  > 

 V,     ™| ij:;;;:^ 
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conductors  are  considered,  tlie  fraction  ot  the  lialf  wave  during  which  no 
conductors  of  the  group  are  in  the  jx)le  gaj)  is  small,  and,  secondly,  that 
for  this  interval  the  osrill.ili. 'ii;;.  havinf,'  Ixcii  set  ui'.  niiiv  be  exjierted 
to  jXTsist.  This  ji'ilsation  may  Ix;  assisted,  a>  Mr.  Denton  j)oints  out, 
bv  a  synchronous  but  slijjht  i)nl>ation  of  the  nuiin  thix  due  to  the  varying 
reluctance  as  the  teeth  and  slots  sweep  past  the  pole  face. 

That  there  can  only  be  odd  hnmonics  in  the  wave  form  of  the  E.  M.  F. 
o|  an  altein,it<  rnri.  iit  ,i;<  iierat(ii  is  e.isily  seen  when  it  is  remembered  thai 
the  ilir,turl)iiig  e.iu-t  -,  whit  li  give  ri-e  to  tiie  harmonies  are  the  same,  and 

follow  one  another  in  the  sa*  e  order 
f'T  eaili  Idiip,  |Mi>itive  or  negative,  ot 
the  (iMAf.  Piy  ihauing  a  few  curves 
with  even  harnioiiics  the  student  will 
stH)n  convince  himself  that  these  in- 
dicate a  sequence  of  changes  im  reverse 
order,  instead  of  in  direct  order  in  suc- 


cessive loop-.*  .\  i  ui\e  inadt'  u|)  of 
the  fuiulaineutal  and  a  large  fourth 
harmonic  is  shown  in  Fig.  370  to  em- 
pha.siso  this  jioint.  The  re\ei>al  of 
the  order  of  changes  whi(  li  tliis  curve 
shows  is  pliysh-ally  iiii])(is-ilile  under 
the  conditions,  and  therefore  the  even 

,  .   1  ^    ,  Fig,  3^.— Sine  Wive  and  Fourth  Harmonic 

harmonics  cannot  lie  generated. 

Tlie  urdir  of  tlit^  harmonic  due  to  a  paiiirnlar  disturbing  faetur  can 
usually  be  calculated  by  the  simple  rule  that  it  is  (j  11  —  1),  where  n  is 
equal  to  the  number  of  disturbing  causes  in  each  jwle  pitch.    The  three 

caM gi\  ('U  abo\  i'  all  cDntorm  to  this  rule. 

Connections  of  Three-Phase  Machines.—  I  he  ( xi-tenee  01  the  har- 
moiui  s  just  referred  to  has  an  im|X)rtant  intlunuc  upon  the  scheme  of 
winding  of  three-phase  machines,  so  much  so  that  the  "  mesh  "  method  of 
connection  is  now  ne%-er  used  in  large-  and  high-voltage  machines  of  this 
type,  whii  li  are  always  "  star  "-cuiiuei  ted.  These  two  nvtlio{!s  of  comiee- 
tion  for  the  sinipU'  case  of  a  bipolar  i.'aehine  were  explained  diagrammatic- 
ally  in  Figs.  524  and  525  of  Vol.  I.  The  very  simple  cases  there  given, 
*  The  term  locf  is  aluays  used  by  the  authur  to  indicate  a  half  wave. 


f  i-  Star  •  Connccliom  of  Thrct 

I'luive  Allenwior. 
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however  arc  n..t  the  proixr  an,i',..Kn.>s  of  multi,M.lar  wimling.  s.n.o  with 
Cm  tie  full  ut.l.sanou\.l  the  .nuh„,  ,he  "-M«-.uue  ot  wl 

u'  lU  vx.inled  out  above  (s..  pages  ,uo  ct  v,;.).  o,uia  not       -"  -^ 
„.tead  ox  there  being  three  coils,  one  for  each  phase      t    _  J' 
.pan.  there  must  U-  s.x  connected  alternately  m  reverse  order,  a.  .hovvu 
for  one  of  the  phasi-s  in  Fig.  3i<i-  ,  . 

The  corresponding  biiK.lar  l.,'tu.s,  which  are  analogi.us  t«^tl,e  mult. 

l«ilar  case,  are  given  in  Figs.  371  and 
372  for  •'  star  "  and  "  mesh  "  windings 
respectively.  Tli.-  six  coils  shown  in 
cadi  figure  could,  of  course.  \v.-  niaile 
between  them  to  cover  the  whole  jx-ri- 
phery  of  the  armature,  hut  for  clearness, 
intervening  gajw  have  been  left,  luuli 
pluise,  it  will  be  noticed,  consists  of  two 
i.oils,  A  and  A,.  B  and  B,,  c  and  C„  kSo 
degrees  apart,  joined  in  series,  but  with 

the  connections  of  one  of  the  cn,l.  rcvo-^cl  ^^^^^^^ 
In  Fig.  371  three  of  the  six  terminals  are  joiiu  d     ].  th.  )>  n 
".int"  and  the  other  three  are  the  terminals  of  the  \  ' 

IS  of  the  cvrrcnts  at  the  instant  are  shown  by  arrow-lu^  2^^^, 
two  of  the  phase,  giving  currents  away  from  J  and  ou  from  the  macu 
whilst  the  other  pha.se  carries  an  inward  ^^^l^  '^^  ,  ,  ,,ec. 

In  Fig.  372  the  three  groups  are  "mesh   .counccUa,  i .  mj,  1 
,„ca..y  in  s<^L  to  form  a  closed  circuit  ^ connecUng  he  c.. M  a .  w  Uh  the 

iHL'innnif;  ot  n,  tiu  mo  "1 
beginning  ol  c,  and  the  end  of  C,  with  the 
beginning  of  A.  From  this  do^  d  em  u, 
,l>e  outer  leads  a,  b,  and  c  a.e  earned 
otf,  and  it  should  l>e  noticed  that 
although  the  electrical  positions  of  the 
six  coils  are  the  same  as  m  l  ig-  37i. 
the  phases  at  the  instant  m  the  outer 
cnxxvt  are  different,  one  only  of  the 
eurrcm.    being  outward,  the  other  two 

—   being  inwards,  it  U'ing  suppo^  d  that 

.he  coils  are  extended  in  the  direction  of  the  rotation  t..  cuvei  the 

surface.  It  is  in  the  l.i-l  <  a^e  that  it  is 

Triple.FrequencyCrculaitng  f^''-'      .  '        „     .unnomc  to  circulate 
possible  for  triple-frequency  currents  due  to  the  »>'''^l  „ 
L.de  the  machine  ,n  the  n-^-nnect^  ^  n 

clear.  Fig.  373  shows  the  three  of  the 

another,  wuh  llie  dircctiuna  ot  tht  e.  m.  f.s  01 


Fin.         "  Mesh"  Coiuw«ion»  of  Three- 
*    '        PhaM  Alttnuuof. 
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harmonics  induatcd  hy  arrows  lor  tlic  iii>l.mt  wluii  tlu'  ni.iiii  w.ivo  of 
E.  M.  F.  on  i)haso  A  lias  passotl  its  /.i  io  |>oiiit  ii\  ilic  upward  >wing.  The 
ordinate*  in  the  a  phase  would  In;  found  in  Fij;.  3O6,  t«)  the  right 
of  the  point  A.  The  outside  arrow  a  indicates  the  direction  of  the  E.  M.  F. 
in  thi'  main  wave,  and  the  iii'-idf  arrow  /i,,  the  dirt  rtioii  ot  llic  1:.  M.  F.  in 
the  lliird  harmonic.  These  arrows  are  opjwsitely  dnect'jd.  In  tlie  u  phase 
the  onhnates  at  the  instant  will  he  found  to  the  right  of  the  point 
B  ill  Fif,'.  366  ;  they  arc  af,'aiii  opix)>itt  ly  directed,  ,.s  shown  hy  the  arrows 
h  and  l)ut  arc  in  the  same  circuital  directions  as  iu  a.  In  tlie  c  plias*-, 
which  is  formed  to  the  right  of  c  in  Fig-  .J'>(J.  I'oth  the  inain  wave  and 
the  harmonic  have  negative  ordinates  ;  these  are  iiulii  ated  hy  the  arrows 
c  and  A,. 

If  now  the  ends  J  he  joined,  and  <(,.  and  t  ,  .in  t.iken  as  terminals, 
we  have  the  case  of  Fig.  371.    Load  currents  will  llow  outwards  at  n,  and 

6„  and  inwards  at  c,.  The  harmonic 
E.  M.  F.'s  /».,  hf..  and  /(.  however,  arc  all 
directed  towards  J.  and  .ire  all  ((pial  ;  tliev 
cannot  jnodiice  anv  ciirieiits.  as  they  have 
no  closed  cin  nits,  and  their  eflcct  is  sintply 
to  raise  the  jwtcntial  of  j,  which  may  in 
certain  cases  be  important  as  we  shall  see 
later. 

  The  case  is  (Ufferent,  however,  if  the 

^"^^""GJ!"^^'"^^  b,  corners  he  closed,  so  as  to  give  the  "  mesh  " 
o 


V\^.   ;7^. -  Triple-Frequency  Carrenlv. 


connections  for  Fig.  372.  In  this  case  the 
E.  M.  F.s  /;,,.  /(  ,  and  are  jjlaced  eli  (- 
trically  in  series  in  a  closed  circuit,  namely  the  internal  circuit  of  the 
mesh,  and  therefore  iriplt-frcqitewy  currents  will  flow  internally  in  the 
arniatiiie  conductors  and  will  persist  ;  tor,  by  taking  any  other  case, 
it  is  easy  to  see  that  the  E.  m.  K.s  of  the  third  harmonic  are  always 
in  series  and  always  in  phase  in  this  circuit.  The  heating  effect  of 
tlie^e  currents  obviously  redtices  the  cfiiciency  of  the  machine.  Their  high 
frecjueiicy  tends  to  cut  down  their  magnitude  through  increased  inthictive 
reactance,  but  siti' e  there  is  always  one,  and  soiiK  tmies  two,  f>p|KiM(l  to 
the  load  current.  d  the  conductors  lie  close  together,  the  inductance  L 
of  the  mesh  for  tin  'irrents  is  less  than  the  sum  of  the  inductances  of 
the  ihree  phases  for  tin  load  currents. 

Tripk-l-rcqiiency  liarth  Ciirn  uts.-  Thc  effect  in  the  "  star  "  case  must 
not  be  overlooked  simply  Ijecause  it  does  not  gi^e  rise  to  currents  in  the 
generator  itself.  It  must  be  remembered  that  the  third  harini.nic  subjects 
the  junction  point  j  to  an  alternate  sine  w.ive  ot  jKiteiUial,  which  may  give 
ri'.e  to  c\irren1s  if  a  separate  circuit  is  jnoxided  on  the  other  .side  of  j, 
either  by  earthing  j  or  connecting  it  to  the  neutral  or  any  other  point 


Fi^KM  Ayn  Ckkst  Factoks  349 

f  the  loi.l  riKUits.    It,  tlun  fur...  j  1..-  .Mfthcd.  a  rl.okinp  roil  should 
t  in  the  earth  connect...      k.U         ,nplMn.,,..KV  n^^^^^^^^^ 

H  o.h.r  <onn..r„ons  are  made  a,n>roprutc  ,,,v.au...  ';'  ; 

Form  Factors.-The  form  factor       paRc        ^"l   '  >  "» 

:     the  fortn  factor  x-xxo;  (or  a  un.  .n.  nnvc  .a  ........  of  W  d  ,  r- 

,nrc  of  the  actual  curve  from  the  ~nn,.l.  ,-  l..„u     .V  tl    t,     y  u.  • 

,      ..r  r  ith.r  as  U  may  »h-  culled,  the     jH^akmos    -I  th.  loj  ..| 
;       .  ■   i      Z   ni>..rtan«-.  Pn.fessor  Kapp  has  pro,...!  tha,  wlu, 
Le  cX  the  "  should  be  taken  into  account.   Thts  .s  det.ned 

by  the  equation  :—  ^ 

Crest  factor  =  . '"- 

U,.,  is,  as  the  ratio     the  vah.c  of  the  maxlti^m  ordmate  to  the  nn..  "u^ 
uare  or  v.rtual  vah.e  of  the  onl.nate.  .or  the  vyh.le  .  n  -j  m.,c 

curve  this  ratio  is  1-414.  «"r  the  "  Nur.han.pt..^     evnve  it  .s  ! 

VII.      1  \( n  VlU'N   AM)  Kl  <■>  I  ATKiN 

Excitation i*  "bvums.  ;vs  has  al.ea.K  Ixv,.  ,v,inte,l  out.  that  the 
.Hennte  ™^  from  an  alternator  cannot  be  used  d.ree.K  f.  u.n... 
U         ulv  or  appvoxinudelv  s.-adv,  field  required   or  .ts  held  n,a„  v 
1  th^  thereto  e  so.ne  othe.  .neth.ul,  either  entirely  .nde,x-ndent  ol  -  . 
fv  i^Uv  deU^^^^^  o„,  the  .na,n  c  ur.en,  p.u.lu.  e.l,  .m.st  1...  provuled 
't'^t^^  ava..able  lor  provul.,  tlje  ..^  or  the  current 
for  exciting  the  lield  may  Ix^  briefly  summarised  as  folUm-s  .- 
l\  \  Permanent  >te  -1  niai.;iu'ls. 

l^^dal  coils  on  the  ar.uature  eonneeted  to  a  cornmutat...  but 
^        only  furnishing  sufficient  continuous  current  for  excitat,.>n 

(  Svu'^s  c,n  rents  furnished  by  rotary  convertc.^  run  from 
^         the  alternate  current  busbars    through  step-down  tratts- 

formers  if  necessan,'. 
nv  )  Separate  exrifcn;  for  each  alternator,  these  exciters  he.n^'  either 
^         directlv  coupled  to  o,  dnven  bv  a  belt  or  «ear.nK  bom  the 
main  shalt  of  the  alternator,  a.ul  each  having  for  its  ex- 
ternal circui.  only  the  field  magnet  of  the  hup.  ina.  luue. 
(V)  Fntirelv  separate  continuous  current  plant  laid  down  lor  he 
^         puri..se  of  supplvinj;  excitation  current  to  the  whole  of  the 
alternators  in  a  station.  . 
Of  lh.>e  n,«ll.od,  (i.)  l.a..  al,ai„l.»«.l       ■  I.  in  n,»,  la,,.-. 
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have  to  be  set  against  the  waste  of  energy  in  the  copper  losses  of  the  ex- 
citing circuits  of  electro-magnets,  but  with  permanent  magnets  simple 
mot  hoc  Is  of  control  would  be  unavailable,  and  parallel  running  of  several 

machines  imjxKisible. 

The  second  method  (ii.)  has  been  med  with  some  sticcess  on  small 

marliincs,  l)iit  it  (  an  onlv  he  applied  to  some  t\  i)os  of  alternators,  and  lias 
now  been  o'"erally  abandoned  Ijecaiise  of  the  extra  roinpli<  ation  it  intro- 
duces in  the  ainiature  of  the  principal  machine  and  a  want  of  flexibility 
in  the  control. 

In  re;i;ar(l  to  the  next  method  (iii.)  a  difficulty  will  obviously  arise  if 

the  station  in  which  it  is  used  Ix-conics  cntirclv  "  dead  "  that  is,  if  all 
the  machini'S  should  Ix-  stopjx'tl  at  the  same  time,  and  there  should  be 
no  alternate  currents  available  to  drive  the  rotaries.  For  until  the  large 
machines  are  excited  they  cannot  furnish  the  necessary  current  to  the 
rotaries,  and  until  the  latter  are  so  driven  they  cannot  furnish  the  excitation 
currents  to  'he  lari;'e  machines.  The  method  can  therefore  only  be  used 
where  there  is  a  reserve  of  continuous  current  energ\'.  in  the  form,  say,  of  a 
secondary  battery,  which  can  furnish  sufficient  continumis  current  to  excite 
at  least  one  alternate  current  machine,  and  so  start  the  station  rrninin.t; 
a','ain.  Such  a  Ixitteiv  could  be  charf,'ed  by  the  rotaries  during  the 
|)eriods  of  light  load. 

The  last  two  methods  (iv.)  and  (v.)  are  b\-  far  the  most  widely  used. 
Of  these  (v  )  would  obviously  be  used  only  in  generating  stations  sufficiently 
larf.;e  to  justif.  a  sc])arate  excitin.t;  i)!ant,  whereas  (iv.)  can  be  used  in  such 
stations,  and  also  where  only  one  or  two  large  alternators  are  installed. 
Both  systems  l^ave  their  advocates.  On  the  one  hand  it  is  pointed  out 
that  with  the  separate  plant -which  would  usnal]\-  be  connected  to  a 
special  low-pressure  cuntniuous  current  switchlx)ar(l  the  volta,L;e  of  all 
the  alternators  in  the  station  lan  Ik-  raised  or  lowered  simultaneously,  if 
necessary.  Also,  that  the  voltage  of  an  incoming  machine  can  be  adjusted 
to  a  nicety  liefnre  it  is  put  on  the  alternate  current  busbars,  and  that  the 
excitation  of  .  is  will  be  kc|it  \\\\  and  will  not  Ix-  affected  by  its  prime 
mover  feeling  the  stress  of  the  oncoming  load.  Further,  steady  parallel 
running  can  be  more  easily  maintained  with  the  separate  exciting  plant. 

On  the  other  hand,  trusting  the  whole  of  the  excitation  of  a  laicc  station 
to  a  single  dynamo — or  even  to  more  than  one  <lynaino — coiuiected  to  a 
single  switchboard  is  uncommonh-  like  gi\  ing  hmtages  to  fortune  by  putting  all 
your  eggs  into  one  basket,  to  which,  if  anything  happens,  nothing'  but  disaster 
can  ensue.  Where  separate  exciters  are  used  with  each  machuie.  should  any- 
thing go  wroni;  with  the  excitt-r  or  the  field-magnet  circuit  of  one  machine, 
only  that  machine  need  be  thrown  out  until  the  mischief  is  remedied.  In 
addition,  the  separate  exciters  for  each  machine  are  in  most  cases  cheaper, 
as  with  special  exciting  plant  additional  driving  engines  have  to  be  provided. 


JlTKKfrATOItS  WITH  SF.rAKATM  ExCITFRU 


In  a  nninlvr  of  the  tlhi>tra'i(.n^  alr.-adv  Kiv«  n  tlu- s,-|>ara«f  .  xrit.-rs  iliivon 
bv  the  larf-f  alt.Miiatur  mon.-  air  >li.Avn.  Tim  ui..  n-t  ilu-  M..w->|v.-,l 
..Itmiators  tlu-  following  anxai  witn  .xrii.i^  .m  tUr  inani  .halt  natuHv. 
,1k-  Crompton  alternator  (Plate  V.  ami  Fig.  211).  the  Unuv-l  1-!.  ^  altn- 
„„„,  (I'latf  VI.  and  l-ii,'.  -M  ;).  thr  lluln..>-(  lavt..n  an.l  Siemens  alteiiiatuis 
shown  ..n  ra^.-  'l"'  KL'  tu.  al  l  o,M,Mnv's  alternator  (Fitr  2l'>).  an.l  the 
Mather  a.ul  I'latt  alternator  (iMg.  N.nu   o,  ,1„   .u,l«.  a!,.  nut,.>~ 

referred  to  alM)  have  their  mvn exeiler>  Mm.lailv  .liiv.  n,  noiu.tl.-i .n.hnmiu 


r».  j74.-Slo«  Speid  AUtnatM  wiih  E»c.t»t  Oa*d  Btarifl. 

commutator  trouble,  which  have  to  Ix-  faced.    K-  f. .uv 
„„.  B.ure-Peebles  turbo-alternators  (F.K-  21.,)  and   the  la..~on-  t  n  bo- 
U-rLtor  (F.K.  Hvd.o-aUernators  often  follow  the  san.e  rnl.  .e, 

will  be  ^n  bv  leferen.  e  to  Hn-vvn.  Hov.  n  an,l  (  , ..  ^  m.u  Inn,  ^  n.  1  iK- 
:  7  "d  2.,..    Lasllv.  the   Motdey  n.onoco.l  ex.  ,ta,>..u  ah.rnator 

(FiK  271)  nt  earlv  davs  als<.  had  its  direct-driven  exc.ter  an.Hva.  n,  faet 

of'tL  pi.meer  madun...  n,  th.  n.  thod  of  ^^^^^^^^^  ^"^^^^ 
excitation.  The  exciter  is,  ot  .ou>m.,  not  an  .^Mnt.al  (a.t  of  thi^c 
maSes.  anv  one  of  which  can  In-  supplied  .hhout  tts  exc.ter  fur  use  .„ 
a  station,  when,  special  ex.  itin^  !>lant  is  provule.l. 

The  above  examples  ilkistrate  well  the  variety  of  methods  by  wh.th 
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till-  imrlniiicil  ul  inoimliii;,'  tlii'  cxi-itc  r  mi  ilic  ~li.ift  nf  tlic  laip' 

altprnatiir  lias  Ix'cn  sulvtcl.  In  many  <>t  tlit~<-  lln-  -iiiall  cxcitci,  i.r.  small 
in  c«>n»|>aiiM>n  witli  the  alternator,  is  carried  on  a  bracket  Imilt  upon,  or 
just  (iut>i(lc,  the  ivdi  stal  of  the  large  tnarhine  which  is  remote  from  the 
prime  iiii.vi  I  ,  iliciii^li  MiiiK  tinir,  there  is  another  |)ede»tal  on  tlie  far  s.icle 
ot  (lie  cniiimuuus  cumnt  macliine. 

A  jTosilion,  however,  may  be  lound  for  the  exciter  inside  the  outermost 
III  the  altrmatdi-  a-^  apjx'ars  in  Fifj.  374,  which  shows  a  fjenerator 
witli  it-  (A-i  iti  f  aii'l  wMti  r-turl)iiic'  L;nviTnor  as  built  by  the  (icneral  IClcctric 
('Miii|>an\-  Ann  rica.  In  tins  cast;  the  excitiT  field  is  canieil  <m  its  own 
Ih'<1  plate,  which  is  placed  iKtween  the  alternator  [x>destal  and  its  rotor. 
TIk-  alternator  is  a  32-pole  slow-six-ed  machine  with  a  full  load  output 
111  i.Ndd  K  w.  at  4,411(1  \iilt-,  anil  40  ry  wlieii  niiiniiii;  at  1511  1;.  \\  m.  TIh' 
exciu  r  is  an  S -pulr  i  nntiiuiou^  current  slii\\--|>i  i  il  iKnanin,  witli  a  maximimi 

outjnit  capali^  111  sui)plyinf;  the  excitation 
current  for  the  alternator  at  its  full  guar: 
teed  overload.  The  disadvantaije  of  this 
])osition  for  the  exciter  is  that  one  of  tlie 
main  supjiorts  of  the  heavy  rotor  is  reinovtil 
much  farther  from  the  principal  weight  tf) 
be  -uppuiteil  tiiau  wnnld  be  nrce>sar\'  if  the 
exciter  were  iiiitside  tiie  'jearinj,'.  riii'  ilia- 
nuter  111  the  intervening  shaft  must  there- 
fore be  sutiiciently  laige  to  carry  this  weight 
as  it  passes  through  the  exciter,  whereas  in 
the  other  ]>ositiim  a  nilnced  diameter  would 
Ix'  sulhcieiit  on  the  other  side  of  the  pedestal,  as  the  torque  to  be  trans- 
mittetl  to  the  armature  of  the  exciter  is  quite  small  compared  with  that 
required  lur  the  rnlur  of  the  alteinator. 

Col'ciinr  Riiii^^.  -It  lia- alreaiK' been  pointed  lint  tiiat  thet,'ieat  ad\  aiitaj;e 
of  rotating  the  held  magneto  in-^tead  ol  the  armattire  ot  a  laii^e  hit;ii-\iiltai;e 
alternator  is  that  only  a  low-voltage  excitation  current  has  to  be  j)assed 
tinoii|,'li  nibbing  confafts.  Satisfactorv  mechanical  arrangements  for 
tlit  -e  C'lnlar'  ale  not  liitlicult  to  de\i-e,  as  tlie  ])iinci])le^  iu\iil\ed  are 
taiils'  simple.  U  will  not  therefuie  be  iieci'S>ary  to  deal  exhaustively  witii 
the  various  excellent  arrangements  which  have  been  designed,  and  it  will 
priibal>l\'  -utlic  •  in  addition  to  details  which  have  appeared  in  <onie  ul  the 
luiVLioiti^'  lihi -tiations  to  dcjiict  in  Fig.  375  the  collector  rin^s  designed 
bv  the  (li  iiei.d  I'.iectric  (  oinpany  ol  .America  for  their  large  water-driven 
slow-.sjH'ed  alternators.  I  he  rings  in  this  cast-  an-  ol  cast  iion,  well  in- 
sulated from  one  another  and  from  the  central  hub.  .Ml  surfaces  are  well 
ex)i<i-eil  |i.  Ihe  .ur,  tliu-  secniiiii;  gnoil  \entilalliin. 

For  iiij;h  ?peed  tm  bu-ulteinatorb  the  rinys  arc  nioie  Usually  ^llrunk 
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iiIK.n  the  shaft  with  profHT  insulation  interposrd,  the  mHhiH  n*fi\  Ninp 
m.iro  «r  It-ss  ^mlil.l^  to  that  .iIii  .kIv  il.-nilxd  (vv  y.y.  '-  i  )^)  l-t  Hif  -liimk- 
ing  of  the  sti'fl  binding  un^^  on  tho  coniniut.iti.i>  nl  tuib..  il\ ii.hii.k.  I  li.- 
rinps  themselves  should  be  of  sti  t  l  or  iron  because  of  th.  l.n-.  r  <  tikient 
ui  tluriiKil  (xpan-inii  of  copper,  but  they  are  sometimes  fanil  witli  ci>pper 
lor  the  rubbing  surface. 

ReffuUtion.— In  alternators,  as  in  continuous  nunnt  nKidiui.-  (v. 
177).  the  i^assage  of  a  cunent  througli  the  armature  alUit>  tin  r.i.. 
at  till'  tt  rminals  bv  reason  of 

(i.)  The  "  lost  volts,"  wliirli  arc  roqiiind  to  ,hive  the  ctirrent  throufjh 

tlie  ohmic  re>isfame  of  tlu-  ai mature,  and 
(ii.)  The  "armature  reaction,"  due  to  tlir  .lui.nt  111  tin-  .mnatm.' 
prodiicinf,'  a  magnetic  efiect  wiiich  r^  a^l^  on  tin  tit  Id  >t  t  tip 
1)\-  the  ticld  maijnct. 
Since,  howiwr,  alt.rnat"i>  aic  sfi>;uatrlv  t  \ut..l.  tii.  iv  v.  i>.  i-  not 
affrrtcd  by  the  third  source  of  distuibame  m  >liunt-w(>iiinl  nun  Inn.— 
ii  im.  ly,  the  diminution  of  the  excitint?  current  due  to  the  fall  of  the  i-.  i). 
at  tlu-  ttTtninals. 

By  far  tlie  more  serious  of  th.'  two  ahov.-nain.'d  catises  wlii.  h  ronlnbute 
to  the  voltas^  drop  at  the  terminiUs  of  an  .Mternator  as  tlif  load  lnl  l.  aM  -^ 
1-  the  armature  rtartion,  which  in  some  alternators  is  so  t;"at  that  the 
excitation  current  re(iuired  to  maintain  the  p.  D.  at  full  load  is  con>iderably 
^Tcater  than  the  current  wiiieh  will  t^ive  the  ^ame  v.  1..  on  open  .muil. 
Moreover,  as  has  been  shown  mure  fully  m  the  la~t  se.  t.ou,  the  armal-i.- 
reai  tiun  is  much  preater  when  the  power  factor  is  small  than  when  it  i> 
nearlv  equal  to  nmtv;  in  other  words,  the  -  he,'"  of  the  current  m  the 
circuit  bt>coiues  of  great  miix.rtance  m  re-ard  t,.  the  nrub.tion. 

Inherent  K<-g«/«/ioM.— Notwith>tandin,n  the  diili.ultie-.  nnjM.-.,!  l>v  the 
nn.lerlving  natural  laws  and  principles,  it  has  Urn  f.n-  hm.g  .me  ..!  the 
„l,,ects  of  de>iKners  of  alternators  to  pro.luce  maclunes  whtch  should 
Inve   ^oo,l    ■■inherent"   regulation.    To  do  th-  ,t  w,,s  neee~.,nv  to 
work  with  well-saturated  iron  or  comparatively  long  an  glp^  m  the 
nKignetic  circuit,  so  that  the  armature  reaction  for  the  load  currents  and 
th..'  disturbance  caused  tlu  r.  bv  should  b,.  re-hu  .  d  to  a  nununum.  I'-ven 
then  the  regulation  obtainable  is  not  to  be  compared  with  the  r.guia- 
tion  of  a  well-compounded  continuous  current  dynani...    Ih.   r.gnl  .ii..n 
is   usually  expressed  either  as   (i.)  the   percentag-   drop  in  1'"--""^ 
bc-tween  no  load  and  full  loa.l  at  a  given  power  factor  when  the  load 
is  tlu-own  on,  or,  (ii.)  the  p.  rcentage  n^r  m  pr.  ■  -ur,.  wh.  n  th.-  .p.  < ,  „  djn 
lo.ul  is  suddenly  thrown  off.    For  non-inductive  loa.ls  (power  lact..     -  i) 
th..  results  usually  allowed  are  from  4  to  6  p<T  cent,  for  large  machines; 
but  tor  Pn  imhutive  hui.i  with  a  I.av  poxN.i  l,..l..i,  lor  in.lanue,  o /. 
the  limit  is  not  below  lO  or  i«  per  cent.    In  laiye  turbo-ultcrnatoib 
7S 
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hiKli-fliix  (Icnsilios  an-  not  ili'^ir.iMr,  Imcmum'  uf  tlif  ilil1i<Milt\-  of  pctliii 
rid  of  the  hysteretic  hrat,  and  in  tl"  inachim  s  25  {x»r  cent,  drop  m  11  . 
in  volt.^^'c  lui-i  to  1h-  allowid.  Tt>  attain  even  thrv  \mwx  risults  hish  t-fii- 
cii  iu'v  ami  a  l;ii<m1  otitjMit  nu  tririi  nt  havo  to  \m'  sarrilircil,  whilst  if  a  sudden 
short -ciit  iiil  01  (  ins  nn  tin'  in  iiiw  tin.'  niarliiiir  cim  tali  s  (ai  lai.qi  r  and 
more  disastrous  cvirnnts  than  if  its  ngulatinn  wnf  still  wursi-.  Tlifsc 
hea^'y  short-circtiit  cunvnls  hav<'  not  only  Ixn-n  known  to  damage  th<' 
\viniliiiL,'s  and  di^tnib  the  «  ronnrctiniiv  cil  tin-  alli  rnator  (sec  jia^f  ^kj), 
Init  casi'S  havi'  nccnui  d  win  ir  main  cal)!!  s  cunNcyin^  tlic  oiriciits  liavi 
been  >*rc'urh(d  fmni  tln  ir  Mipjiorts.  It  is  tlim-fore  not  surprisinR  that 
modern  practio'  has  dcwlopt  d  in  Ihi"  dirtctionof  poorer  inhennt  rr.t,'ulation 
of  pn  ssuri',  ami  that  n-coursc  is  bi-int,'  had  instoail  to  extern  d  ^ncssure 
reRiilatiiin.     lir-idi  s   the   al)'.)V  ■  n  a-i.n    ihi-  r  in(hii  tancr  of  tin- 

machines  with  pi>oi  inhirtnt  regulalmn  is  Ixtti  r  1.  1  paralKl  working,  as 
will  bi-  shown  later. 

Tlir  above  f  II  f  'eail  (i>  the  (unelnsinn  that  in  (ii<ler  to  maintain  the 
Volta^'l■  at  the  ternniials  of  an  alti'i  natnr  jtiai  tically  um  hant,'ed,  eillu  r  the 
exeitini;  current  in  the  field  ma;,'m  ts  innst  be  varied  as  the  load  im  leases 
and  decri'as(>s,  or  thtr  speed  of  the  ntachine  must  be  varied  so  as  to  alter 
the  i:.  ^t.  f.  generated.  Of  these  alternatives  the  simpler  is  the  alteration 
of  tlie  exciting  current,  and  the  chief  point  to  eon'-iih  r  is  how  this  may 
Ix;  done  most  conveniently.  A  methotl  uftt  n  useil  is  to  vary  tin  exciting 
current  by  alterint".  by  hand,  resistances  in  the  circuits  of  the  generators 
whieh  sn[>ply  the  cniivnt  :  bnt  it  is  ol)\iuii^t\'  inoic  (oinniicnt  to  make  tlie 
variation  autoniatie.  and  depiiideiil  upon  the  load  of  tlie  alternator  111  tlie 
same  way  that  the  compound  winding  of  contimion-,  <  uriont  machines 
automatically  increases  and  decreases  the  excitation  of  tliose  machines  as 
the  load  varies.  These  two  chief  methods  will  now  lx>  considered 
separati'ly. 

llund  Rc^tilatinn. — Tiie  control  of  the  current  in  the  tield-maiinot 
circuit  of  the  alternator  can  be  effected  by  altering  the  resistance  of  that 

cir4  nit  bv  means  of  adjnstabK  --islanees  sneh  a--  are  illustrated  in  Figs. 

17S  to  iSi.  Tlii-e  ri',t;ulating  resistances  can  l>e  placed  at  the  switchboard 
close  to  the  voltmeter  of  the  alternator,  and  the  amount  of  resistance  in 
circuit  can  be  altered  according  to  the  reading  of  the  instrument.  >uch 
a  method  requires  that  at  light  loads  additional  resistance  shall  be 
introduced  into  the  excitini,'  circuit,  and  this  resistance  leads  to  an  increase 
of  the      K  loss  in  that  ciicuit. 

A  much  more  economical  method  is  to  alter  the  v.  D.  of  the  exciting 
d\namo,  which  will  usuall\-  W  either  a  shunt-  or  a  comixnind-wound 
niachiue,  bv  alti-ring  the  re-  i-tance  in  its  shunt  i  ircuit  by  the  method 
shown  iliagiainnialicilh'  in  I'm.  177.  The  resi-taiKe,  howiver,  is  now 
to  be  so  vatied  that  the  p.d.  at  the  terminals  of  the  continuous  current 
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•,  nt  rator  risfs  with  the  ri*c  of  load  of  the  alt. mat  .i  m-.t.  a<l  of  WmM  k.  |.t 

tiint,  wliiili  wa-  tin'  <  a-f  nricmallv  con^uUntl  m  (i>tiiH'<  tion  Willi  tho 
.,,\,-  lii^iitv.    In  tins         th.'  <  -  K  If^s  i.f  nit  i^'v  in  \W  i  vntinf*  tinnit 
.  1  tli<>  cxcitinK  dynamu  at  liylit  <>I  th-'  alt, mat.  i  v,  lU  I-    imi.  li 

i. than  the  corres|xinilin{i         in  ri-«i>taii<  «>  iiiIkkIih « il  mtii  ii>  m.iin 
,  •.  iiit. 

riiis  last  nii'tliiMl  ..!  1.  ,  ulati..n  c  an  U  -t  Ix  a|'pli.  <\  \sli>  ■  a.  li  ailt  inali'r 
1.,-  its  own  rx.iti'i.  Wli.u-  tli,-  wIimIc  u(  ih.  al'imali.i-  "I  a  laiL-  -tatmn 
,1    Uini?  oxcitetl  from  a  si  j>auitf  timtimious  inircnt  (ilant  l»  tli  in< 

,,mil  iiion  xlioulil  !>•■  avail.iliU'.  The  n-Mstancs  in  tlu-  i  xciiiiiK  « in  uit^ 
,1  \W  alt.iii.itMis  will  W  i.(iiiiri-<l  to  a<l)ii>it  thrir  v.  i.*-^  ix.'.r  v.  w»iil-t  anv 
alteration  of  r.'Mslan..-  in  tlir  siniiil  .lumi^  -I  tin'  .A.iim-  .1m. am.-, 
a-Mimin«  tliw^  tu  be  jnoiKTly  coiuiKmn.Kil  J.n  ...n-laul  v.  i>.,  all, .  t 
III,  whoU-  of  thf  altprnatorH  in  thi-  station  simultamously.  Siui.il.l.  ih. 
,!  ,1 .  f,)r  th,  nmilation  un.i.  r  considt  ration  liavc  aln  ady  U'l  n  Inlly  (l<-<  d 
in  o.mucti.m  with  th.'  1, f;iilati..n  of  n)ntinn,.ri-  niu.  iit  niadiini  -  (/,■,..(/  ). 
,,n.|  wv  ne«l  not  tluntmv  puiMi.'  thi-  pail  ■•t  ih,'  .nlM..t  luith,  i  h,  i--. 

Aittnniitic  KcgiiLilion.—'thv  autotnafi.-  n.utn.l  ..f  alt.  ma', us  i-  not  '•o 
,  i>v  as  that  o£  continuous  rnrn-nt  marhint-*,  on  ac.nnit  of  the  «'x<itinB 
.  ,,n.-nt  U'ina  d.Tiv.-d  from  a  mmh,  ,'  iii.l,  ivndrnt  ,.t  th,-  ma,  t  in,',  .  v.i  l't 
liiat  in  some  casi-s  th«'  i-.\iitin«  dyn.iui-.  is  .Invi  ii  l.y  th,-  -am.  pmiu  m-.v.  r. 
For  such  ca'^cs  this  fact  su^Kf^^ts  that  tlu-  Rov«  rn,.i  .  t  th,-  -t.am  ,  n  :m.' 
.ht  b,-  <-l,-,  tli,  allv  (-ontroll.'d  l>v  the  a<  tioii  of  a  s.'ltiioid  a.  tiiut.-d  by 
tl„-  full  P.  i>.  ol   th,-  a!t,-rnrit,.r.  au.l  m,  M-t  that  when  th.-  iM'.  f^'l-^  the 
0,vernor  allows  th.-  i-n,L;in.^  siu-.-.l  1,.  111,1,  a-,-.    Tin-  w,,ul,i  ha^,■  a  ,1,'iibl.' 
,  li.'ct,  inasmuch  as  tlu-  <-xcitinK  current  would  Ik-  111.  u-.L-^cd  by  tlu  m,  i-  a-  d 
-p,-.  d  of  the  exciter,  and  the  K'.  nerated  K.  M.  K.  would  he  increased  by  the 
in.  i-.-ased  siH-ed  of  the  alt.-i n.u, .r.     iL.th  th,  -,-  .  tl--.  t-  \\,.iil,l  t.-nd  to  ita  i.-asc 
the  lowered  P.  I>.    Tins  method  ot  i.-«ula;i,  11  ha-  b.-<  n  sn.  cessfnlly  u-.  d 
in  the  Parsons  tuilx.-altemator,  the  details  of  th,-  plan  Uing  nnuh  1!,, 
,.,„-  as  f,ir  tlTi-  tuibiiie-.lrivi  n  cntinuous  current  machine  (s.y  juiKe 
11k-  c!is.-  IS,  however,  simpler  as  regards  lx>th  engine  and  alteniator  than 
the  more  common  case  where  rcciprccating  engines  and  more  slowly  running 
alti-rnators  are  used. 

It  is  also  possiHe  with  more  complicate*!  devices,  which  liave  been 
u,,rked  out  into  pra.  ti.  al  >hap,-  bv  M.  Thui  v,  t,.  <  an-,  th.-  !M..  of  the 
a!t,-rnator,  cither  directlv  or  indireetly,  to  omtiol  tlu-  liiu-  <  in mt  of  a  r.  Iav 
(vv  page  402,  Vol.  I.)  in  the  hM;al  circuit,  or  circuits,  ol  whuh  th-  i.  at, 
,  1. ,  trie  niot,.rs  which  are  t,'.-ared  to  move  over  the  arms  of  contr-.lling  lesir-t- 
aiues  in  tlu-  manner  whuh  has  air.  idv  Iven  describc-d  for  r(x:kirs'  the 
brush  gear  of  continiMiis  current  dynamos.  Th.->e  r.-sistances  l«  int,' 
pi,  either  m  the  t'l. Id-magnet  cucmls  of  Ih.-  ah.in.it,.rs  (^r,  b-ttir  ^till. 
Ill  the  shunt  circuits  of  the  excitinc  dynamos,  can  by  their  msertion  or 
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withdrawal  so  alter  the  excitation  current  of  the  alternator  as  to  brir  ; 
back  to  the  normal  value  the  p.  d.,  if  and  when  (li>tnrbe(l  by  any  catise. 

All  such  step-by-step  corrections,  however,  fail  to  lead  to  satisfactoi> 
practical  results,  bt^cause  the  change  which  it  is  their  object  to  prevei  • 
must  be  allowed  to  commence,  and  often  to  develop  more  or  1>  >>,  before  t! 
correction  is  applied.   Attempts  have  therefore  been  maiie  with  a  vei 
fair  measure  of  success  to  devise  regulators  which  shall  act  much  moi 
promptly,  so  much  so  that  the  pressure  variation  which  is  being  correcte  ! 


St 


Fi?.  376.— Connections  of  Bmun,  R<.v.-ri"s  Re^ulatnr  for  Altfrn.itois  K\iileii  from  c.c.  iJu^bars. 


is  barely  perceptible  on  a  station  recording  voltmeter  of  ordinary  sensitive- 
ness. 

Tlie  Brown,  Hoveri  automat ii'  reL;ulator  already  fullv  (le>cril)('(l  (my 
pages  187  to  itjo),  in  connection  with  the  regulation  of  continuous  current 
machines  is  also  admirably  adapted  for  regulating  the  pressure  at  the 
terminals  of  alternators.  The  regulator  itself  is  very  similar  in  the  two  cases, 
the  only  impi'itant  difference  beinc  it  a  small  four-pole  single-phase 
alternate  current  motor  takes  the  pla  of  the  bipolar  conlinuims  current 
motor  of  Fig.  185.  The  various  mechanical  and  damping  devices  (Figs. 
186  to  188)  are  identical. 

The  connections  of  tlv  n  gnlator  to  the  circuits  of  the  generator  are, 
mutatis  mutandis,  also  the  same,  and  are  showi  diagrammatically  in  Fig. 
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-I.  (or  the  case  of  three  altomators  G  oxcitofl  from  rnntimioU'^  current  bH<*- 
I'.iis  M  M,  which  are  rncrgisfil  by  the  c,  r.  cxciti  r  (lyn.uni.-  i'.  This  (h,ii;rain 
!i,mld  be  compared  with  Fi«.  185,  and  thi-  (hhViviu-.  ~  not.  ,1.  i'he  n  si>t- 
,  lire  between  the  terminals  e'  of  the  reKul.ilor  is,  as  bet.  .iv.  in  the  tu  Ul  circuit 
the  dvnamos,  and  its  variation  by  the  action  of  the  reguhitor  varies 
;  W-  >hunt  cuneu't  and,  thi  n  tore.  the  p.  D.  of  the  exciters.  The  terminals  s/»' 
of  the  regulator  are  connected  to  the  pha>c  of  onr  i)aii-  nt  the  a.  (  .  bu  bars, 
. itlier  directly  if  the  voltage  of  the  mains  l)o  low,  or  thioiinii  a  >t.  i.-.ln\vn 
Potential  transformer  if  the  voltage  be  high,  which  is  the  most  usual  case. 
I  uullv  tlie  terminals  of  the  nsnlatnr  arc  connected  to  the  sixondary 
nl  a  step-up  current  transformer  s/  wh.i>e  primary  is  m  one  of  the  mams 
r  iiiA  ing  the  load  current.  With  these  connections  the  action  is  the  same 
a-  in  thi'  case  previously  described. 

It  tiie  alternators  are  excited,  each  by  its  own  exciter,  the  shunt  circuits 
of  these  (  xciti  rs  are  placrd  in  paiall  l  '.n 
tlie  terminals  e'  of  the  ngulator,  but 
III  this  case  the  alternators  and  their  ex- 
i-itrrs  inn>t  l>  >iniilar  iiuu  hines. 

Another  automatic  regulator  which  is 
widely  used  for  both  continuous  anil 
.I'tcrnate  cnnent  work  is  the  Tiiiill  re- 
gulator, nianutactnied  by  the  Hriti>li 
I  homson-lhni^ton  (diiipany  in  England 
and  by  the  General  IClectric  Company  in 
America.  The  main  principle  used  in 
this  reg\ilator  is  the  automatic  throw- 
ing in  and  out  of  circuit  of  a  single 
rheostatic  resistance,  which  is  in  the  shunt  circuit  of  the  exciter.  Hy 
l"rni„ilv  desii;ninr;  the  exciter  and  proportioning  this  resistance  it  is 
l«,^>ible  to  vai  v  the  voltage  of  the  exciter  quickly  through  a  wide  range, 
sav  from  1^5  volts  to  25  volts  in  a  few  seconds.  T'his  device,  liowevef,  by 
ii-rU  %voiild  lead  to  hunting,  and  be  of  no  practical  use,  were  it  not  n^  d 
,„  coniunction  with  another  device  called  by  Seidner  the  "back  control, 

chief  ellect  of  which  is  to  hand  over  tlu'  comph  tion  of  the  regulation, 
:„d  the  control  of  the  range  through  which  the  alte  ration  of  the  exciter 
in.  ssure  shall  b.-  allowed  to  vary  to  another  piece  of  automatic  mechanism 
ii-uallv  referred  to  as  the  "  exciter  control  magnet."  _ 

fhe  mam  principle  of  the  regulator  is  shown  diagrammatically  in  Fig. 
377  and  with  the  principle  of  the  "  back  contn.l  "  -uhUd  in  Fig.  37^.  m 
i..,tii  figures,  which  are  taken  from  a  paper  by  Seiduer.»  For  clearness  the 
.luxiluiry  electrical  and  mechanical  additions  necessary  for  successful  work- 
ing  are  omitted.  In  Fig.  377  a  balanced  lever  H.  cames  at  one  end  the 
•  BUctrician,  Vol.  LXV.,  page  36  (1910). 


Fig.  37^,— Main  Principl*  of  the  Titrill 
Regulator. 
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core  K,  of  an  fleet ro-inagnft  s/),  wliicli  is  tneigisfd  by  a  voUiik  Ut  curi.  i  t 
from  one  of  the  phases  of  the  alternate  current  generator  G.    At  the  oth. 
ind  of  the  l.  vcr  arc  ciintact  piict  s  c,  and  f\.  which,  when  in  contact  -hoii- 
ciicuit  the  resistance  r,  which  is  in  the  slmm  <  xcitation  ciicuit  of  the  excit. 
dynamo  e. 

Assuming  that  the  contacts  at  C  are  open  wlien  the  p.  d.  of  the  generat( 
is  normal,  if  that  p.  d.  rises  beyond  a  prearranged  limit  the  core  K,  of  tli' 
electro-magnet  will  bt>  lifted,  and  the  contact  at  c  opiiieil,  thiowint;  tl; 
resistance  r  into  the  tiekl-magnet  circuit  of  the  exciter  h.    The  voltai; 
of  the  exciter  immediately  begins  to  fall,  and  with  it  the  t  xcitation  current 
supplied  to  the  held  tnai^'net  N  of  the  generator.  wiio>e  voltage  in  its  turn 
also  begins  to  fall  until  such  time  as  the  electro-magnet  allows  the  coi< 
K.  to  fall  back  to  its  normal  position,  when  the  contact  at  <;  aL;ain  cI.im 

and  the  resistance  r  is  again 
short  circuited.  The  excitei 
voltage  will  then  cease  fallini;, 
ami  with  it  the  ctnrmt  in  N. 
and  the  fall  of  the  p.  u.  of  the 
generator  will  be  stopjied. 

Now  because  of  the  time 
taken  to  perform  the  lir>t  pait 
of  the  above  cycle,  in  consi'- 
quence  of  the  inertia,  both 
magnetic  and  mechanical,  ol 
the  various  parts  of  thi- 
apparatus,  it  is  (jnite  certain 
'  over-correction,"  that  is,  the 
p.  1).  of  tlie  generator  woulil  sink  loo  low  Ix-fore  the  contacts  at  C  were 
closed,  and  in  coming  back  to  the  normal,  the  i'.  n.  would  again  o\ei- 
shoot  the  n>ark  and  rise,  perhaps,  considerably  before  the  downward  move- 
ment of  K,  could  be  arrested  and  the  contacts  again  opened.  In  certain 
cases  dangerously  large  oscillations,  ti  chnieallv  knuwn  as"  hunting,"  might 
thus  be  set  up,  and  the  interposition  of  the  regulator  had  to  disaster 
instead  of  safety. 

It  is  to  prevent  this  "hunting"  that  the  "back  control"  shown  in 
Fig.  is  introduced.  \  second  balanced  lever  n,  carrying  the  contact 
C  at  one  end  alters  as  may  be  necessary  th'  actual  position  of  the  contact 
at  c.  This  lever  is  controlled  by  tlie  core  K,  of  the  electro  -  magnet 
sij,  and  the  tension  of  the  spring  F  which  acts  against  the  weight  of  the 
core  K,  and  tin-  downward  j  ill  of  the  electro-niannet.  The  pull  of  the 
electro-magnet  tkpends  upon  the  p.  u.  of  the  i  xciter  !■:  across  who>e  brushes 
its  coil  is  bridged.  As  soon  as  this  p.  d.  begins  to  fall  on  the  cycle  of  opera- 
tions previously  described  the  downward  pull  of  sg  on  K,  is  relaxed,  and  if 


Fig.  378.— The  Tirrill  Regulator,  wiih  "Back  r  >ntrol." 

that  in  this  simple  form  there  would  be 
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the  tension  of  F,.  vliidi  can  of  courso  Ix-  adjustfd  to  any  r.  iiuirod  valu.-.  Ik- 
Mitticicnt,  the  li'ft-luind  .  lul  .il  th.'  !.m  r  ii.,  i-;  lai-.  d.  and  \W  contact  C, 
d.prcsst'd,  thus  clo^inl,'  the  -limt  .ii.  uii  on  r  l<.  •  !>•  tlir  \\  i>.  "t  k  ..i  uf  c. 
has  altered  very  much.  If  thi-  i>.  i..  "i  u  i-  -ti"  t-.  l.i-li  t!.,  Irv  i  nmH 
I  lin  niK  ii  th."  contact,  which  will  ai;ain  b.-  cl  i-cd  by  11,  and  ><>  on.  niiul 
,1  ImI  uio'  is  attained.  The  wide  chanRes  '>f  P.  P.,  Ix^th  of  K  and  f.,  which 
would  be  posMble  under  the  simpler  anaii!;t  in.  nt  of  l-'i;  ',77  .nv  now  I'lv- 
vented.  and  "  huntinf,' "  is  rendered  iinpo>-ible.  The  a  .juMin.  ni^  ran  be 
made  so  accurately  that  the  difference  in  the  positions  of  tli.  e  .utaeis  at 
C  between  full  load  and  110  load  <liie  to  the  inov.  ni.  nl  .>!   tlu'  leVi  r  II,  IS 

U,s  than  V,t'»  '"'^^       l'-^'''        "'"f^^''  "''^^'"'^  ''"'^ 

lever  is  alxmt  ;,,',„th  of  an  inch.    The  numU^r  of  swings  {vr  minute  ..f  the 

1.  \-.  r  1)  when  thi'  f  ^ 

voUa^e  i.-.  chaiii,'- 
inj?  varies  bi- 
tween  400  and 
1,000,  s.>  rapid  is 
tlu'  action  .1  till- 
vaiious  pails  of 
the  regulator. 

In  actual 
practice  the  con- 
tacts c,  and  c, 
are  not  used 
directly  to  throw 
the  re>i>tance  r 
in  and  out  of  cir- 
cuit, but  act  in- 

diiectlv  thioiii;h  ,       1  n- 

a  dUf.  ventiallv  wound  relay  whose  armature  acts  through  a  o,>,. ,  di. 
t  UK,.  •  the  -navkin.4  at  this  contact  which  would  soon  burn  up  the  contact 
faces  is  killed  by  the  bridging  of  the  gap  by  a  condenser  whos<^  mo.le  of 
action  in  such  cases  has  already  been  explained        paj;e        V'  . 

Th..  (ircnits  c,f  an  actual  nunlator  with  the  auxiliary  elect. ual  and 
mechamcal  additions  as  anattged  to  control  a  three-phase  generator  are 
shown  in  Fig.  379-  which  should  b<'  caivtnllv  eo.npaied  w  th  1  ^  t'n 
mm  lever  H  a  counter  weight  w  balance,  the  we„ht  o  the  core  o 
:   .0  Uiormagnet  combined  with  the  constant  pull  of  the  ,n,j.n. 
d,  r  normal  cnuhnons  ou  the  exctei-control  .  v.  r  ....      he  exc. 
„  has  the  weight  01  the  core  and  the  poll  ...  th,.  magnet  balanced  b    f  ni 
MMin-.  u  which  are  set  to  pick  up  muh.  . Mvely  with  a  eh,n.^,'  o   -,  r 
;        nt  the  exrif,  1  voltage,  a.  th,.  excit.  r  voltage  re.iuued  by  tl- -Iterna  o 
a    il  load  and  at  no  load  may  be  in  the  ratio  of  two  to  one.   The  rheostat 
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resistance  r  in  the  i  xcilir  fuld  cinnit  can  Ix;  a(lill^U■(l  by  liaiid  to  various 
values,  and  is  usually  so  set  that  the  adding  of  this  nsistaiKf  \\o\M  ndiu. 
tlif  I  xcitrr  v.ilta-c  to  about  (13  jxt  cent,  of  its  normal  value.  This  resist- 
ance thrown  in  and  out  of  circuit,  not  by  the  main  contacts  is  in  Fip;. 
37^;.  but  bv  the  n  l.iv  contacts  wliich  are  also  briil.i^id  by  a  coiuUnscr  a- 
explained  above.  Tlie  resistance  is  out  of  circuit  when  thise  contacts  ar. 
closed,  and  in  circuit  when  they  are  opened.  The  contacts  are  operated  by 
the  arinaturi'  of  tlie  "  relay  "  magnet,  the  pull  of  the  inaj^net  acting  against 

the  spring  /.  The  magnet  is 
wound  differentially  ;  one  half  ot 
the  winding  is  always  recei\  ing 
current  direct  from  the  ,  exciter 
terminals,  whilst  the  otht>r  half 
only  receives  cu  rent  when  the 
"  main  contacts  "  are  closet!.  As 
the  two  currents  against  one 
another  the  arinatuie  is  attracted 
and  the  rtlay  contacts  opened 
only  when  one  of  the  currents  is 
suppressed  by  the  opening  of 
the  main  contact.  Tlie  action  is 
therefore  the  same  as  in  l-ig.  jjS, 
namely  that  the  resistance  r  is 
thrown  into  the  exciter  t'leld  cir- 
cuit when  the  ihain  contact  is 
opened.  Tiie  opening  and  closing 
of  this  latter  contact  depends  as 
in  Fig.  378  on  the  interplay  of  the 
exciter  control  and  niaiii  control 
magnets.  The  former  of  these  is 
connected  as  in  Fig.  378  across 
the  brushes  of  the  exciter,  the  only 
difference  Ix  ing  tliat  the  core  is  cut 
in  two,  the  upfier  only  being  movable  and  attached  to  the  lever  H,.  Ca  the 
other  side  the  main  control  magnet  has  both  a  shunt  and  a  scries  winding. 
The  former  receives  current  from  a  potential  transformer  t,  bridged  across 
one  of  tlie  pluses  of  the  gen-rator,  and  so  connected  that  wlu'ii  the  potential 
rises,  the  pull  of  the  magnet  is  relaxed  and  the  main  contacts  opened.  The 
series  coil  on  the  other  hand  receives  current  from  a  current  transformer 
whoso  primary  is  in  one  of  the  mains  of  the  generator.  In  this  rase  the 
connections  are  sucii  that  as  the  load  current  increases  the  pull  on  the 
c.iil  of  the  magnet  incre.ises,  tending  to  keep  the  main  contactsot  the  regu- 
latui  clobed,  tiius  maintaining  the  voltage  of  the  exciter.   As  the  ckctru- 


I'ig.  j3o.— Tirrill  AUumuing  Cunrcnl  Regulator, 
with  One  Kclajr. 
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1,1 1  'lu  tic  pulU  on  this  core  mav  ch.int;-'  rapidlv.  a  .la-h-ix^t  is  a<l<lo<l  to 
make  the  actual  innv.  nu  nt  -.1  thr  .  .mv  ^lu^ui.h.  I  lir  inmiln  .  .u'  turns 
of  the  serifs  coil  can  bf  aaiu>l,a  by  \W  vlulinj;  c.mt,i>  1  >liowu  at  s.  that 
the  result  may  the  same  as  in  an  uver-comp..un.h  .l  i  r.  ilynani.).  namely 
,1  li^e  (if  vulta,^.■  at  the  terminal  of  the  fjenerator  a^^  the  load  mcreases,  in 
,,rder  that  the  voltage  at  a  'i-tant  point  may  U'  kept  constant. 

The  actual  regulator  is  awww  in  Im. 
•,Si),  in  which  the  electro-magnets,  levers, 
ioutacls,  (tc.,  appear  protected  bv  a 
-l.i-.-,  ea>e.  The  main  control  iiiamul 
and  the  exciter  control  magnet  au'  nii 
the  upper  part  of  the  panel,  on  the  1<  it 
and  right  hand  re>pertiV( ly,  with  the 
main  contacts  between  them.  The  relay 
magnet  is  lower  down  and  in  the  middle 
of  the  panel. 

Wlien  more  than  one  exciter  is  used, 
.w  in  I'lg.  .57*1.  it  i^  deniable,  in  order  to 
allow  for  the  ililierent  charact.  ristics  nt 
the  exciters,  to  apply  a  relay  mai;n.  t 
lot-  each  exciter,  but  the  main  control  cml 
and  the  exciter  control  coil,  bridged  in 
this  case  across  the  .  xciter  bulbars,  will 
govern  any  number  of  relays  anil  exciters. 

For  this  purpose  an  ingeniously  de- 
signed multiple  relay  mag:'.,  t  is  used.  Its 
general  appearance  can  be  gathered  from 
I'ig.  381,  where  one  of  these  magnets, 
controlling  seven  relays,  is  shown  inside 
the  lower  part  of  the  case  ;  they  are 
constructed  to  take  as  many  as  twelve 
ivlays  if  required.  A  diagram  of  the 
.  Mimections  with  some  of  the  details  of 

construction  is  given  in  Tig.  1^2-    1^  '  j;-,;„p*  rirn-is  ire 

large  circular  coils  X  X  and  Y  Y,  each  wound  o  d.  tmct  c,  c^  are 

arranged  parallel  to  one  another,  and  at  s,.  .  dMaiue  •  1 
E-haped  stampings  of  iron  N  s  N  can  be  inserted  as  sho.vn  and  bu  ll  up 
fo  orm  the  cores  of  a  number  of  three-pole  electro-magnets,  which  can 
^  en^g^idby  currents  m  the  co,K  Only  tw„  .f  th..-  magnet  cores. 
^,^^1  onl  another,  are  shown  m  tli.^  diagiaui,  but  then  lela  ive  p,.  - 
turns  round  the  coils  will  be  gathered  from  an 

Each  set  of  triple  poles  has  facing  1.  a  .oft  uou  -''^^^  "  j^"  '^^^/^i 
arm  of  a  ball-crank  lever  i-ivoied  a  v.  aud  ca.iymg  at  itb  upper  end  at 


Fig. 


>  — Tinill  Regulator.  wHh  Scnn 
K«Uy>. 
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K  the  movablt!  contact  facm;,'  the  lixid  contact  oi  tlic  n  lay,  carried  on 
tho  post  s.  When  the  magnet  cons  arc  unniagnetised  the  contacts  an 
hi  ld  loi,'i  thi  r  l)y  the  sprini:s  s  pulling  on  the  other  arm  of  the  bell  crank 
U'Vt  r.  rhc  t(  n-^ions  of  linse  sprintrs  can  bi'  adjusted  by  the  screws  ww, 
Tlie  ti  iniinaU  of  the  coil  circiiils  ate  shown  at  A,  n.  and  r.  A  .nid  H  are 
connected  to  the  bulbars  and  A  and  c  to  the  mam  contacts  k  of  l-'ig.  j79, 
in  which  also  the  lettirs  A,  n,  and  c  indicate  the  corresponding  points. 
The  circuits  of  eacli  coil  are  joined  up  as  shown  for  the  U-shap«^d  relay  of 
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W^.  332.— Multiple  Relay  Magnet  lOr  Tirrill  Kegulator. 

Fig.  379,  so  as  to  act  differentially.  Wlicn  the  main  contacts  are  closed 
they  are  all  in  parallel  with  the  currents  in  the  A  B  circuits  opposing  the 
currents  in  tlie  n  c  ciieuits.  Rut  when  the  niair  contacts  k  open  the 
terminal,  A  is  thrown  out  of  circuit  and  the  coils  a  b  become  dead,  so 
that  the  magnet  cores  are  all  energised  and  the  relay  contacts  are  all 
opened,  eaeli  throwing  its  proper  rheostatic  resistance  (sec  Fig.  379)  into 
the  field  circuit  of  its  own  exciter.  The  terminals  shown  below  the  glass 
case  in  Fig.  3S1  are  the  connections  for  the  rheostatic  resistances  of  the 
various  exciters,  the  other  terminals  being  as  in  Fig.  380. 

Just  as  the  Brown,  Bovcri  regulator  which  we  described  fully  in  con- 
nection with  continuous  current  work,  can  be  used  with  proper  modi&ca- 
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Uoxx^  for  ah.  rnalors,  sc.  tlu-  Ti'rriU  ie«uhitnr.  d.-criU.l  ab.vo  as  appli.il 
to  an  altiin.it.. r.  can  Ix^  and  i»  quite  iiadily  adaptable  lor  cutumou^ 

currtnt  working.  , 
The  weakn.  -s  of  all  thfs<-  automatic  regulators  (or  evnli  il  M.itmu  w-ik 
i.  tlKit  th.  v  onlv  xvo.k  \sv\\  wlun  th-  f;cn.iator>  in  p.ivall.l  .ue  Mnn  .11 

,„  H-him'..    M01.  UV. .  It  i.  not  1  iblo  for  tlu-  n  Li-  laturs  to  aet  in  par.ill.  l 

with  one  another  <m  different  >r.-t.u„.  ,,1  tl.-  mm.   -t  .thm.  ...i.l  il.nn,.,. 
a  large  station  must  bo  governed  by  a  ^in,^le  n  yul.iim  whu  l.  lu  o  -mi.u.- 
the  same  tvi»'  and  size  of  machines  throughnut. 

One  xv.iv  of  gating  nv.  r  the  .lillu  ultv  xvh, „■  thnv  ,uv  dissunilar  maehines. 
such  as  turbo-alternators  and  slow-.p-  .  d  ,,!„  > u.  the  same  station 
is  to  regulate  the  busbar  pressure  bv  u-n,  •  ....  .lutonMiir  rnl,.  .a  Im  ,m.- 
maehine  nnU'.    I'-v  this  purp.se  the  tuibo-alteiualor  svilh  it.  Kuc.  un,  ,- 


load  capacity  oi  bi'th  en- 
gme  and  generator  is  the 
better  for  taking  up  all 
111,'  p  aks  of  the  load  and 
e.ur\ing  thi'Hl  with  ci'ii- 
staiit  -.res^ure  with  tlie  aid 
of  th.'  regulator. 

f '('»(/"'/'"./'"!,'•  -  ^^I'veral 
nietliuds  of  automatic  con- 
trol have  Ix-en  piopo-i-d 
anil  put  into  practice  which 
aic  analogous  to  the  com- 
poinid  wiiiilmi,'  of  continu- 
ous cunt  nt  maciiiues,  inas- 
nmch  as  they  rely  upon 
tlic  iuiiiM^e  i.f  the  main 
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cMiient  ol  the  ahernator  to  regulate  automatically  the  .xcitatiun  ot  th. 
fi..ld  magnets.  In  tl,.u,v,  th.  sunpl.-t  nuth..,!  ,.l  ...npnnu.hng  is  to 
use  either  as  a  correclmg  current  or  for  th.  wl..l.-  .  x.  .t....un  rectilu  I 
currents  drawn  from  the  alternator  itsc-lf,  ■  nh,  i  lu.n,  it>  nulu.a.y  cncn.ts 
or  lion,  sporial  windings  on  thr  atmatmv  d.Mgned  for  this  pu.pose.  ihe 
weakness  of  all  these  n.ethods  i.  the  d.thcnlty  of  designing  a  synchronous 
rectifier  free  from  sparking  troubles,  and  tho.igh  manv  m^.  n,..u.  .l.Mces 
have  Uvn  emploved  from  time  to  tune  lor  this  purpose  the  piobl.  ni  .  annot 
U-  said  to  hav.  1><  i  n  succi-ssfullv  solved. 

Better  method>  a,.  thuM^  xvlnrh  nnyh^y  ,  ith.  r  f-i  the  whole  or  the  cor- 
recting portion  of  the  excitation  the  pnnciple  m  tlu-  lotaty  converter.  Om 
of  the  simplest  of  these,  applicable  most  readily  to  polyphasy  g,  u- lator., 
is  the  foUowing,  u^rd  by  the  (..n.aal  l-lMtnc  (  on.panv  of  Ameuca. 

•  y/i£  E.tari^ai  AV-.as.-.  \ul.  XLlA  uyu';.  344- 
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Till  flirr('-i)liasc  altcrnatiir  38  ;).  wln'di  lia-  a  lovolvinp  field  ami 

a  fixed  artiiatuic,  has  its  exciter  E  coui>lr(l  on  tin-  saiiu'  sliaft.  Tlu'  t  xc  iltr 
is  multij)<)lar,  and  has  the  same  numlj<r  of  pules  as  the  alternator,  the 
field-mafjnet  circuit  of  which  7t  supplies  with  current  from  its  commutator 
ec*  bv  nirans  of  thr  It  ads  / /'  ami  the  slij)  l  in,;,^  and  bru-lus  b  h' .  Only 
two  of  tile  iH)les  of  the  excitt  r  aio  shown.  Tlic  line  currents  of  the  alter- 
nator are  led  from  the  terminals  i,  2,  and  3  of  the  machine  throti^h  the 
primary  coils  p„  p„  p,  of  a  three-phase  series  transformer  T  from  the 
mi  <li-( onnected  secondaries,  of  which  the  induced  currents  are  led  to  three 
slip  rings  m,  n  and  0  on  the  fluift  of  tl;e  exciter.  These  slip  v'mn'^  are  joined 
t(j  jwints  on  the  armature  of  the  exciter,  differing  in  phase  by  one-third 
of  a  periou,  and  so  selected  that  when  the  currents  in  the  alternator  are 
in  ste]i  with  the  i:.  M.  F.  (power  la<  tor  =  i)  these  additional  1  urrents  both 
strengtlien  the  field  of  the  exciter  by  their  magnetic  action  and  iiuiease 
the  supply  of  current  to  the  alternator  field,  the  exciting  dynamo  acting 
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Results  uf  Kxperiments  on  a  ComponiHifii  .Mteniator. 

in  regard  to  these  currents  as  a  rotary  converter  {see  page  635,  Vol.  I.). 
When,  however,  the  power  factor  of  the  alternator  diminishes  through  an 
inductive  load  and  the  cnircnts  in  the  coils  />,,  p,,  and  lag  in  pha-^e, 
both  the  above  actitjiis  are  iiu  iciiscd  and  still  more  current  is  supplied  to 
the  field,  and  the  increased  drop  in  volts  due  to  the  lag  is  compensated. 

The  necessary  synchronism  between  the  changes  in  the  alternator  and  in 
the  exciter  is  attained  by  both  machines  having  the  same  number  of  poles 
and  being  coui'iled  on  the  same  shaft.  This  secures  that  the  field  set  up 
by  the  additional  alternate  current  in  the  armature  of  the  exciter  is  fixed 
in  space  relatively  to  the  poles  of  the  field  magnet,  and  only  alters  its 
position  for  a  new  one  when  the  plia-^e  of  the  alternate  current  changes. 
For,  if  the  aiiiiatiiic  of  the  exciter  were  stationary,  the  three-jjliase  currents 
would  give  a  field  revolving  with  the  angular  velocity  of  the  alternator. 
If  now  the  armature  of  the  exciter  revolve  in  the  opposite  direction  with 
the  same  angular  velocity,  the  field  produced  by  the  three-phase  currents 
will  be  lixcd  in  ^^j  arc. 

A  similar  method  was  devised  in  iSQb  by  Danielson  of  Stockholm,  the 
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chief  differences  beinR  (i  )  that  he  used  a  .-..riVs-wound  cxi  iter  on  tlio  shaft 
of  the  alternator,  and  (n)  that  instead  of  using  the  exciter  as  a  rotary  con- 
verter he  wound  a  snpiilenientai  \  ( ireuit  on  its  armature  connected  to  ihp 
rings  (as  above),  and  relied  entnelv  ..n  th.-  ma-n.-ii.  artion  ..f  thw  ru(nit 
to  give  the  initial  strengthening  of  the  tiehl  as  the  load  on  the  alt. mat.  1 
increased.  As  already  remarked,  the  field  due  to  this  current  will  lia\e 
a  fixed  position  in  space  f.>r  ea<  h  pow.  i  la<  l"r  in  the  mam  .  ireuit.  and 
therefore  can  be  made  to  compensate  for  all  .halites  ..I  the  load  m  magni- 
tude and  phase. 

The  results  of  experiments  on  a  machine  regulated  in  this  way  are  given 
in  Figs.  .5S4  and  3S5.     The  curves  in  l"ig.  .5>*4  are  for  the  case  of  the  alter- 
nator  rimmng  up.m  a  non-inductive  load  :  the  I.av.  i  .  uive  giw-  \\w  .Imi- 
aeteristic  when  the  regulafini;  device  is  not  used,  and  siiows  a  voltage  di.ip 
of  7  per  cent.,  whilst  the  upi>er  curve  is  the  characteristic  when  the  regulating 
circuits  are  us.  d.   The  latter  curve  is  very  like  the  cur\e  of  a  compounded 
continuous  cur- 
rent machine.  In 
Fig.  3S5  the 
machine  is  run- 
ning on  a  circuit 
with    a  power 
fac 'or  of  0-8;  the 
lowe-  curve  {un- 
regulated charac- 
teristic) shows  a 
voltage  drop 
from  no  tu  70 
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voS,  Whilst"  the  upper  curve  (the  regulated  characteristic)  shoNVs  a  drr.p 

of  6  per  cent.  only.  ,    ,  ,  ,  < 

Other  methods  which  have  been  worked  out  s,  .  k  to  lu.  r.  ,.s.    1 .  h.  d  ot 
the  exciter  by  the  action  of  th.,.  load  current  of  the  alt.Tnat..r 
most  ingenious  of  these  is  shown  d.agrammaticallv  in  I-ig.  386.   The  wind 
ZioL  star-connected  three-phase  altern.tor  have  tl.  ^^1:^^^^ 
tlK.ir  CMls  brought  out  for  the  purpose  of  interposing  U  twe.  n  tU  n.  u  a 
point  and  the  alternator  the  regulating  device  on  the  exciter,    flu  .  xuU  r 
Tprovided  with  a  heavy  magn.  tic  shunt  or  leakage  path  acoss  i  s  p..lar 
horns  so  hea^  that  a  consideuxble  fracti..!  of  the  total  tlux  pa..es  through 
the  shiint.  which  cotxsists  of  three  cores  in  parallel  so  prop.,rt..>ned  tl,,  t 
It  nornud  excitation  of  the  machine  the  flux  through  them  is  near  the  satura- 

H^m;  these  cores  be  wound  with  coils  throu.gh  which  :,U,  ir  ate  cun-  nts 
ed   tbe^e  e,,rver,ts,  wh.en  flowing  so  as  to  tend  to  mcrea^.  the 
lux  already  pn.ent  canaot  produce  much  effect,  since  the  iron  is  nearly 
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sUnr.itdl.  Wilt  n,  liowi  vi  i  ,  Iln  v  i>.i"  in  tlu'  opposite  or  (li  in,i!:nctisinR  din  c- 
limi  tliiA  iMii  |iroiliici'  a  \ n  \- i  ttcct  and  by  tlin-,  .1-  it  wi  re,  daniniinf; 
biick  till-  Ilux  due  to  tht'  li>  Id  windinf,'^  tluy  am  cohukI  a  f.u  larKt  r  fraction 
of  tills  flux  to  pa-is  tlironi,'li  the  armatiUf,  so  incnasins  the  voltatjp  of 
till'  t  xi  ilcr,  ami,  iIh  i,  toir,  the  rxritalion  of  the  alli  riiati ri-.  'rini .  with 
incii  iisinf,'  load  on  tin-  ultt  inator  the  voltaf^o  of  the  i  xi  itrr  and  tin  tn  Id 
current  of  the  alternator  ami  its  field  flux  will  increase  ;  in  otlui  wunK 
tln  rc  is  a  Irue  coinpoundinf,'  <  ffcct  similar  to  that  which  is  obtained  with 
continnous  cnirent  inachims,  and  it  only  remains  to  determine  whether 
till-  compounding  can  follow  the  load  with  sufficient  exactncs>  to  be  of 
piaelical  value. 

l)n  this  latter  point  tlie  curves  piven  in  Fi.t;.  3R7  contribute  experimental 

cN  idi'iio'.  I'll'-  cxpi  i  iiiii  nl \V(  ir  ni.idi'  iip..n  a  1,000  K.  \V.  t hri-c-plia-i'  I'ai- 
son^'  t\ii  bo-alti  iiialoi  di  signrd  for  a  normal  pii»uri'  of  ,}..5o<)  volts  bi  twci  n 

phases,  the  full  load  cur- 
n  ut  liriiiij  220  anijM'res 
]u  r  phase  when  the 
])n\vrr  taitor  i^  o-S. 
ilic  curve  A  shows  that 
without  comjjoundini; 
thrrc  is  a  drop  o(  ;ii  pt  1 

(■•  lit.  ill    tllr   |ili  -^!irr  .It 

full  load  it  ail  inductive 
loacl  with  tin-  abovi' 
power  factor  is  thrown 
on  without  tlic  I 
tion  IxMng  altered,  and 
the  curve  C  .^liows  that 
when  me  r-ame  load  is 
thrown  ott  alte  r  the  ex- 
citation has  litcii  in- 
creased so  as  to  restore  the  normal  p.  d.,  there  is  a  rise  of  iS  ptr  ceiii. 
at  full  load  if  the  increased  excitation  be  maintained.  These  fipures  may 
be  taken  as  a  inea>ure  of  the  "  inherent  "  regulation  of  the  machine  under 
cxp»'rinient.  When,  however,  the  compounding  device  is  ni  ciicuit  the 
result  is  that  given  by  the  curve  B,  which  shows  that  the  compounding  was 
[xifect  at  lull  load  current,  and  that  the  machine  wa-  >lii;htly  over-com- 
pouuded  lor  siualli  I  loads.  Further,  with  per  cent.  i.veiliMi!  the  teniiiiial 
pressure  only  fell  (>  per  cent.,  which  may  be  regarded  ,1^  taiil\  satisfactory. 
It  is  not  stated  wliether  the  same  arrangement  would  give  the  proper  n-sult 
with  a  non-inductive  load,  for  which  very  likely  some  adiustinent  of  the 
aniperi'-tui lis  on  the  leakage  paths  would  be  ie(iuire<l.  Ilii^  i:-  oii\i..us 
when  it  is  aulcd  that  the  concclion  depends  upon  tlie  luagnitude,  and 
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i<  not  affrrt.-.!  bv  the  i.l.asf  (.f  tit.-  .  un.tit.  11,,  .,l..,\v  nM.  hiu.  vuK! 
,!;.  nfuiv  im.iImMv  W  .>vfr-couiiH>uiiilfa  al         l-.t'l  !"«  Insli- 1 

l.utciis  lip  to  unity.  ,    ,      ,  I  f, 

LeWanc  ami   oIIut-;  Imv  .n.tl...N        .■,.,n,..un,lm.  for 

iltrmators.  and  nu-tli.Hls  sini.i,.i  t..  that  >howii  m  l.  iv.  l-.  n 

,l,.~ii;nrd  by  R»>ist.  BloncU-l.  and  others.  Tl.«-  .  xumvl.  ■>  «.v.  n.  l.ow.  v.  r. 
ar.  ntiicicnt  to  show  that  the  proUim  is  within  tin-  rang.'  ol  victual 
bulutiun. 


CHAPTER  III 


GENERATING  STATIONS 

I  -  l\TKl)I)r<  JURY 

The  two  precedinf;  chajittrs  having  de;iJt  with  the  principles  uiulirlyint; 
the  construction  of  eUctric  generators  for  ti  e  supply  of  tlectric  energy 

in  thi*  form  of  litlur  contimifnis  or  alltinatiiii,'  cunciils,  and  also  some- 
what niiuuti'ly  with  the  details  of  tlie  cuiistiiutiini  of  s\uii  Keneiatdis, 
the  present  chapter  will  be  devoteil  to  the  cuiisidei.ition  of  tlie  pi'>l>leiiis 
involved  in  the  utilisation  of  these  machines  for  the  f^eneratitin  of  the 
lart,'e  or  small  (niaiitities  of  electric  energy  which  may  be  retiuircd  for 
pid)lic  or  privat.'  piiii><ises.  Tlii-  will  lH(r^^aIily  involve  the  ih^ciiptiim 
of  the  very  interesting  generating  stations  which  now  form  such  an 
important  feature  of  modem  civilisation,  and  al<n  of  the  ingenious  and 
fascinating  appaiatus  and  methods  u-ed  in  t,  e  stations,  including 
the  switchbiiaid>,  which  are  so  at ti active  and  ii."  m  rious  to  tht;  casual 
visitor. 

It  has  all.  idy  been  pointed  out  that  the  "most  conspicuous  trend 
of  the  develcipiiK  iits  of  recent  years  has  been  the  tendency  to  concentrate 
the  ^ent'iatidii  of  eli  ctiical  power  in  larye  statioiis,"  and  it  has  been  inferred 
that  tlu-  choice  of  the  position  of  the  station  is  in  the  first  instance  largely 
controlled  by  the  predominance  in  the  main  problem  of  the  importance  of 
oni'  of  two  con-i(lerations  ;  that  is  to  say,  eitlu  r  (i.)  the  source,  be  it 
waterfall,  coalfield,  or  other  source,  from  which  the  energy  is  to  be 
obtained,  or  (ii.)  the  area  of  utilisation  and  the  distribution  of  the  (on- 
sumers  who  are  expected  to  make  use  of  the  energy  when  ready  to  be 
placed  at  their  disposal.  If,  on  the  one  hand,  a  new  industry  or  series 
of  new  industries  is  beini,'  started,  and  a  source  of  energy  exi^ts  in  a  place 
easily  accessible,  the  generating  station  may  be  placed  as  close  as  possible 
to  tiie  source,  and  the  factories  or  works  for  its  utilisation  will  gather 
round  the  station  as  its  customers.  .Xt  the  other  end  of  the  scale  there 
is  the  case  of  old-established  factories  and  worksliops  usint;  otlur  methods 
for  obtaining  the  nece^^-^"'  energy  for  their  (hul\- work,  but  far  remo\ed 
from  any  natural  supj  '■  ;t  Mch  energy,  and  who  can  only  be  induced 
to  use  elertrir  energy  -t  m  be  supplied  at  a  chcajxT  rate.  In  this 
case  the  be>t  po-ition  fo.  die  generating  station  may  be,  tliough  not 
necessarily,  close  to  the  consumers.   A  special  but  widely  occurring  variety 
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of  this  casT  is  where  the  cnerRy  it  chirfly  osrd  ff*  d«»nw'stir.  bii-»in«\-<.  ami 
jmblic  ligiiting  purpose*. 

In  the  early  davs  of  the  rlrvolfipmrnt  of  tho  nlilisUinti  nf  tlntiu- 
pnwiT.  in  which  the  iiiili^.itinn  iii.iinh'  in  thr  cliii  i  iion  di  .1.  iiiii 
h^hting,  it  was  almost  imvit.ihlc  tli.it  th<'  Kimiatm^^  >t.ilh'n^  -lu  iiKl 
!».'  placpfl  sometimps  on  the  outskirts,  bat  also  quitt-  (ri(intniK  m  ih. 
niiil>t  of  »rl>an  districts,  notwitli-taiuhni^  \\w  iut  tliat  laml  is 

(M^ilv  Ijotii  to  anniin-  ami  to  rofaiii  in  sm  h  a  j)..-ili.in.  liow- 
rvor,  the  methods  of  transmitting  and   Iimii-Imi inni!:  i]m  niiitii  s 

of  electric  energy  became  more  fully  \vork;<'  'Ut  \\\  d<  tail  and  -\  -iriiiat- 
ised,  these  urban  stations  began  to  be  snprrsrdrd  bv  stations  j.l.icid  at 
some  (hstanci-  from  thi'  (dii>iimrr>,  whric  t  iilin  flir  mmiui--  .  t  .m  i  'v 
wtTf  m"rt'  acc«'s>.il)lf  or  where  the  mn  >-ary  span-  cuiil  '  \x  olit.mr m|  ni'  u- 
cheaply,  both  as  regards  capital  owtlw  and  as  n-pards  .naintenanc.'  l  iiauvs 
i;i  the  shapf"  of  rates,  taxes,  etc.   This  process  of  snp«'rsi'ssion  is  .-till  n. 
active  ojxration,  the  tendency  being  for  individnal  gener.iting  stations 
to  handle  far  lari,'>T  quantiti.  -  of  eiiert,'v  than  \v,i>.  tln'iiijlit  po^-ible  in  the 
eariy  days,  and  to  transmit  this  eneigy  tUctric.iUy  over  j;reater  and  ^re.iier 
distances  to  their  customers.    Quite  frequently  the  older  generating  stations 
have  been  tuiinil  into  sub-stations,  in  which  the  en.  ti:v  is  nx«  iv<  (l  as 
elictric  energy  from  a  more  or  h-s  di-t.int  generatint;  st.iiioii  and  ilis- 
tributed  electrically  to  the  customers  in  the  vicinity,  hini,'  tr.m  I  iined 
in  the  sui)-station  to  the  particular  kind  of  ekctric  energy  which  l^  mo>l 
-uitable  for  the  needs  of  the  district. 

The  development  of  thtse  laii^e  geniTatinc;  stations,  handliiu,'  and  di-tii- 
buting  enormous  quantities  of  energy,  has  not,  however,  sujH  rM ded  the  , 
in  special  circumstances,  of  comparatively  small  self-containetl  generating 
plmts.  On  the  contrary,  as  the  knowledge  of  the  adv.mtages  of  the  u-e  of 
electricity  not  only  for  lighting  piirpn,es,  but  also  for  (h>tributin!,'  small  quan- 
tities of  power,  has  becnine  more  widelv  diliu-.  ,1,  and  the  nece~-ar\  utihMng 
appliances  ha\  e  been  devised  and  manufactured  on  an  ever-increasing  scale, 
it  has  been  found  more  and  more  desirable  to  have  a  snpplv  of  electric 
jTOWer  available.    Where,  therefore,  such  a  -npjilv  is  not  obt.miaM.  tion,  a 
public  generating  station,  many  cases  h.ive  an>eu  m  wliich  it  is  bt.th  ea-y  and 
economical  to  put  down  special  generating  plant.    It  also  sometimes  happens 
that  even  where  public  main-  are  not  dithcult  of  acce-s,  the  ciraimstances 
may  be  such  as  to  make  it  more  economic.il  or  more  de>irablo  to  install 
st>parate  generating  plant.   This  is  specially  the  case  in  l.up  t,Ktoii>> 
and  wiirks.  though  the  advantages  of  separate  generation,  «'v.  n  iii  such 
cases,  tend  to  become  less  and  less  as  time  goes  on,  except  where  there 
are  available  sources  of  power  which  would  otlierwise  be  wasted,  such 
as  blast-furnace  gas,  large  ^uuulilie^  of  exhaust  low-prcs.sute  hteam,  etc. 
It  is  difficult  to  draw  the  line  at  the  point  at  which  the  term  generating 
7B 
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"  ptalinn  "  m.iv  inoporlv  »x>  nsod.  Tlie  imtpnt  of  a  p.iiticnlar  installation 
may,  >d  nmrs.',  vaiv  (nmi  lliat  nipiiml  U,  li-lit  a  -mall  n.nntiy  Ikhis.- 
to  that  wiikii  can  supply  a  large  industrial  and  r.  sidnitial  aua  whh  all 
the  electric  power  it  may  require.  For  our  jires<nt  purpose  wc  prop.'-, 
to  exclude  fii'Mi  lliis  chajitr!  in-tallatiint-  ot  tlic  smallest  type,  which  will 
be  more  conveniently  n  lnivd  to  wh.  n  de;ilini;  with  "  lllectiic  Liphting," 
for  which  they  are  the  iiui>t  iiMiallv  employed.  The  teini  "  station  " 
could  scarcely  be  applied  to  such  installations,  but  should  more  jjioperly 
bt<  confin<'d  to  cases  in  which  there  are  two  or  more  penerators  which  can 
be  run  toL;elliei-  or  sini;lv,  and  althoiiijli  this  mav  nut  be  made  a  hard-and- 
fast  rule,  the  present  chaplir  will  deal  onlv  with  sueli  casis,  except  when 
some  particular  industrial  application  rxiun.  >  not  more  than  a  single  largt 
pi  ner.ttor.  In  other  words,  it  is  the  industrial  and  public  aspects  of  the 
geneiation  of  electric  ])ower  wliich  are  Ixing  considered  as  distinct  from 
the  domestic  aspects. 

A  further  division,  however,  will  bi>  convenient  as  between  those 
"  stations  "  which  are  primarily  generating  stations  for  the  sale  of  electric 
power  and  those  where  other  undertakings— such  as  mining,  sliiplniildmg, 
etc.— are  the  main  occnj)ations  of  the  owner-,  anil  in  whuii  the  electric 
generating  stations  are  adjuncts  or  ancillary  onl\-.  Ihe  case  of  geiuiatmg 
stations  for  electric  railways  and  tramways  lies  between  the  two,  and 
will  be  treated  with  the  lirst-named  as  being  more  neatly  akin  to  that. 

Before,  however,  dealing  with  .ither  type  oi  station,  it  will  not  he 
inappropriate  to  consider  briefly  the  sources  from  which  the  engmeer  can 
obtain  stipplies  of  cnerg>-  for  his  various  purjx>ses. 

Soiinrs  of  Eiur^y  Ai\nldh!,-.-'\y  i>,  of  course,  understood,  when  we 
speak  of  generating  stations,  that  energy  is  not  "generated"  in  those 
stations,  for  such  generation  is  beyond  the  power  of  man  to  accomplish, 
so  far  as  our  knowledge  of  natural  laws  at  present  extends.  This  has 
been  more  than  once  referred  to  in  these  pages  (srt  especially  \'ol.  I.,  pages 
151.  517.  57-.  and  el^ewhere).  .Ml  that  we  cm  ilo  is  to  tian-forin  one  form 
of  energy  into  another,  there  being  always  an  element  of  loss  in  the  process 
by  some  of  the  energy  taking  a  form  in  which  it  is  useless  to  us.  For  as 
we  cannot  create,  neither  cm  we  de>trov  eiurgw  th<.ng!i  we  ma\-  degrade 
it,  as  it  were,  by  rendering  it  unavailable  for  an\  uselul  plo^■es^  with  which 
we  arc  acquainted. 

t>ur  "  generating  "  stations  are  therefore,  more  strictly  speaking, 
merely  "  Iran-lornung  "  stations,  but  as  we  usually  employ  the  latter 
word  in  anotlu  i'  connection-  iianiel\ ,  lor  tran>loi  luiiig  one  lorm  of  electric 
energ\-  info  another  form  of  electric  energy —we  shall  continue  '3  use  the 
term  "  generating  stations"  for  stations  in  which  env-rgy  is  transformed 
from  some  non-eleetnc  lorm  into  one  ol  tin'  electric  forms  of  eneigy. 

This  being  premised,  it  is  import.m'  to  ascertain,  from  among  the 
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protean  forms  in  which  energy  can  apjx-ar,  what  ston-s  of  cncrpv'  exist 

wliiih  all'  iiiipnitaiit  to  tin'  ciiLiinrcr,  and  it  i>  -omiwluit  --t.utlinL;  to  I'lnd 
that  tlu-V  can  bi-  >uniniril  n]i  in  a  li  \v  wniik.  '\\\^  \  ait  the  "  iKcrc^x  1/ 
/■/((•/"  and  till'  gravitatiiinal  "  oikLix  of  xi\itcr"  wliuii  lia>  Win  d  alxiM' 
;lir  sea  level,  or  some  lower  li  vil,  to  which  it  can  b*.-  n  tunu  d.  The  enei^'y 
,1  f\iil  is  the  choinical  onerf^y  of  the  separated  elements,  the  carlion  and 

. 'Lirn  of  the  fuel  nn  the  I'uc  hand,  and  the  iix\'i;rn  of  the  air  on 
.itlier.    The  source  of  this  energy  can  Ix-  traced  back  to  the  sun,  which 
is  also  the  agent  whose  energy  raises  the  water  from  the  Ixd  of  the  ocean 
to  the  hills,  tnablinq  entiineers  to  utilise  its  gravitational  energy  as  it 
ii  turns  to  the  lower  U  vel. 

A  little  furthe:  .-.ubdivision  as  ref^aids  the  fuel  section,  however,  will  Iw 
useful,  as  there  are  different  kinds  of  fuel,  and  the  energy  of  fuel  may  l)e  ut  iliNcd 
in  different  ways.  The  following  may  be  adopted  as  a  working  classificat  ion : — 


Fuel. 


Intermediary. 


I'riine  Mover. 


1.  Coal 

2.  foal 
J.  Coal 

4.  Mineral  oil 


5.  Mineral  oil 

t).  Spirit 

7.  Natural  gas 


Steam 

Manufactured  1:  a^ 
Waste  gas  from  lilast 
furnaces,  coke 
ovens,  etc. 
Steam 


None 
None 
None 


(a)  Reciprocating 

steam  engines 
(h)  Steam  turbines 
(ias  entwines 
Gas  engines 


(a)  Reciprocating 

steam  engines 
(h)  Steam  turbines 
Oil  engines 
Spirit  engines 
Gas  engines 


The  above  include  all  the  fuels  of  any  imjiortance,  the  two  la>l  being 
of  minor  importance  compared  with  the  others.  By  spirit  (Xo.  6)  is  meant 
I  he  crude  alcohol  obtained  from  vegetable  products;  this,  however,  may 
Ui.Miie  of  impoitance  as  our  stores  of  coal  and  mineral  oil  are  used 
up.  l  lie  last  item,  natural  gas,  is  not  widely  distributed,  and  wherever 
lound  hitherto  has  been  quickly  exhausted. 

n.—. \NciLi  ARV        sprciAi.  rirciRir  srm.Y  stations 
Adopting  now  the  division  discu->ed  on  pa.Lie  /ijo,  we  propo-^e  to  de>ciibe 
in  this  section  a  few  typical  stations  in  which  either  the  geiuiation  of 
(  I  (  trie  power  is  ancillarv  to  the  chit  f  jiurposeof  the  industrial  undertaking, 
or  in  which  such  generation  is  doigned  *■    a  particular  purpose. 
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Imming'ham  Docks.— A  good  modern  t  xampU'of  an  t  lt'ctric  i^rm  ratiiig 
station  ancillary  to  the  chief  business  of  the  undt-rtakinR  is  afforded  by 
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is  given  in  Fig.  388,  and  a  view  of  the  engine  room  showing  tliree  alter- 
nator sets,  two  rotary  converters,  and  the  switchboard  gallery,  etc.,  is  given 
in  Fi;,'.  >,^q.  Tlir  (I'ick  i->  abniit  >r\(  ii  iiiilr-  from  < iinr-li\',  and  li.is  bii  n 
con>ii  urtfd  to  suppknient  the  accommodation  tiicre.  It  is  dt  ^igm  d  to 
deal  with  largo  ocean-going  steamers. 

It  is  interesting  to  note  that  the  pnyer  house  is  partly  electric  and 
partly  hydraulic,  showiii!,'  that  in  the  opinion  of  the  projectors  the  latter 
form  of  transmission  is  fur  ctrtain  of  the  purpoMS  in  view  n-,i;arded  as 
more  convenient  than  the  former.  Both  sets  of  plant  are  supplied  with 
steam  by  a  ring  main  served  by  the  same  battery  of  boilers,  which  is  placed 
across  the  ends  of  the  two  engine  rooms,  a  position  which,  as  is  shown  else- 


Fig.  39a.— Sectional  ElevatioD  of  Imminghaa  Docks  Ccnenling  Sutfaa. 


where,  is  not  an  ideal  one  for  large  stations.  Incidentally,  the  adjacent 
engine  rooms  supply  an  object-lesson  in  the  relative  amount  of  space 
required  for  the  two  types  of  generating  plant.  The  four  hydraulic  sets 
are  rated  at  630  11.  p.  each,  or  a  total  of  2,520  ir.  p.  The  four  electric  sets, 
three  installed  and  one  being  erected,  aggregate  2,500  kilowatts  or  3,330 
H.  P.,  and  occupy  far  less  floor  space. 

The  tm bo-alternators  consist  of  horizontal  Curtis  turbines,  driving 
British  Thomson-Houston  alternators,  tlie  complete  sets  being  built  by  the 
British  Thomson-Houston  Comppny,  some  of  whose  generators  have  akeady 
b*H  n  described  {see  page  290).  As  w  ill  b(^  seen  from  Fig.  389,  the  com- 
plete installation  will  consist  of  two  25u-kilowatt,  one  500-kilowatt,  and 
out-  i,5()o-kilowatt  sets.  A  cross-sectional  elevation,  showing  tlie  500- 
kilowatt  set  and  its  accessories  is  given  in  Fig.  390.  This  should  be 
carefully  studied,  as  it  exhibits  many  interesting  and  essential  details 
common  to  much  larger  stations  to  be  described  later. 


iMMi.yci/A.v  Docks  Gf.xf.katiag  Plast 
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The  clictric  oni-iijv  is  K'"<'';^<''1  (>.(^o  volts  and  50  ru,  Init  is  all 
..luvcrliii  iiitt)  continuDii-  ciiinut  numv  at  Mni,i!4r  Ixli.ii- 
Ixing  usid  for  lit;litmg  aiul  traction.  In  thi^  n-pcit  thr  lll^lallat;l.n 
resembles  a  public  supply  station,  inasmuch  as  five  sul»->t.itions  are  >uppli«il 
with  hii;li-V(iltai,'.'  alti  inatiiii,'  niii.  iit,  which  they  tran>form  into  low- 
Vdlta^e  coutiimuiis  current  tur  di-trilmtion  to  the  atili>atiiin  plant.  The 
nearest  of  tlie-e  sidj--tation3  is  in  the  engine  romnof  tlu-  n-  ialm-;  ^lati.'il 
HmU'.  in  the  form  of  the  necessary  transfurnu rs.  the  two  rutary  con- 
wrters.  and  the  low-pressure  switchboard.  The  other  fotir  are  in  various 
convenient  positions  ior  the  work  rctiuired.  the  farthest  away  being  at 


fig.  391.— Gu-Unvcn  Power  Station  in  ShipbuUJing  Yard. 

the  Grint.bv  dock^,  where  it  supi.he-  li^lilin^'  an.l  power  through  a  three- 
wire  distributing  network  witii  4^"  volts  acrus.  tlie  iaiteis  i  /l^'t^";; 
of  such  transmission  and  sub-station  transformation  will  be  dealt  with 

''^'cammell.  Laird  &  Co.  s  Shipbuilding  Yard.-The  next  example 
chosen  is  the  generati.m  station  deputed  m  l'.;;,  .I'.i,  Nvh.ch  is  the  power 
.,ai.,n  of  the  Tranmere  Works  of  the  well-known  shipouiUlmi;  luni  ot 
I  auunell.  Land  and  Co..  and  it  well  illustrates  the  variety  t.t  the  power 
re.uiircments  of  a  modern  ^h.plnuM.n,  va,d.  It  contain,  no  h  wer  than 
ten  power-tlriven  s^-ts.  six  of  whicli  aie  .lectne.  two  pneumatic,  and  two 
hydraulic,  the  agi,'!egate  rated  i^wer  of  the  different  tlnving  enmiu  .  in 
the  three  ca,es  bei..^'  i,.,5o  H.  I'-.  5-^"  H.  P..  and  iho  ...P.  resin^ctivcly. 
The  i,ucuuiaiic  b*.t5,  llial  !:>  tlie  air  compressors,  are  re^uiied  to  opera.- 
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thi-  numerous  pneumatic  tot)ls  U!<ed  in  sliipbuiUlinK.  aiul  iiicidt  ntally  thi  y 
fumi-h  conipn-ssi-d  rir  tor  the  starting  of  the  larger  fjas  enpines. 

The  station  i-  driven  entirely  by  gas  entjino  -Mi>i)H.  d  with  f;as  made 
in  the  works.  A  view,  on  a  small  scale,  of  tlie  {,'a>-TnakinK  plant  is  K'ven 
in  Fii,'.  302.  The  fuel  to  be  gasified  is  fed  into  the  cast-iron  charKiiiL; 
liMpi.,  rs  trnin  the  elevated  charging  gallery,  which  can  be  readily  made  out  ; 
It  thi  n  passes  tlirou.i,'h  eharfring  bells  into  the  producers,  whence  the  gas, 
after  passing  through  a  mechanical  washer,  two  eeutrilii^al  elcaners,  and 
a  sawdust  scrubber,  is  delivered  clean  and  cool,  ready  ior  use  in  the  gas 
engines  of  the  power  station.  The  process  will  be  referred  to  more  fully  later. 
The  electrical  energy  supplied  to  the  works  is  in  the  ftjini  of  both  con- 
tinuous and  alternating  cur- 
rent,  the  former  Ixing  used 
for  lighting  and  variable-siKed 
motors,  and  the  latter  for  con- 
stant-speed motors,  i'llictiic 
jxnver  is  also  supplied  to  the 
Birkenhead  Iron  Works  of  the 
same  firm,  which  are  ab<mt 
half  a  mile  di-tant,  the  tr  ms- 
mis>ion  lines  Ixing  aluminium 
cables  carried  on  telegraph 
poles. 

Coltness  Ironworks.— In 

the  severe  competition  of 
modem  industry  the  utilisa- 
tion of  waste  products  plays 
an  important  part.  A  striking 
example  is  fiunished  in  ironworks  where  the  waste  jiriKluets  of  the  blast 
furnaces  and  coke  ovens  are  no  longer  neglected,  but  are  utilised  in  various 
ways.  For  our  purpose  the  use  of  the  blast-furnace  gases  for  the  pro- 
ducti'i'.i  ol  power  is  perhaps  the  most  iiiterestiiiL,',  as  the  power  so  obtained 
can  very  Ireiiuently  be  most  conveniently  distributed  fcjr  the  various 
subsidiary  {xnver  requirements  of  the  works  themselves  as  electric  power, 
.\n  c  xam])le— supplied  by  the  Coltness  Iron  Company's  works  at  Ncw- 
maiiis,  III  Lanarkshire — is  given  in  Fig.  3<).?,  which  depicts  a  gas  engine  of 
n.  I!.  P.,  which  is  supplied  with  gas  from  the  blast  furn.u'es  alter  it 
has  been  passed  through  a  by-product  recovery  plant  and  has  been  aftei-yvards 
cleaned.  The  gas  engine  is  of  the  Cockerill-Westgarth  tandem  type,  and 
drivi  s  the  >low---pee(l  Scott  and  Mountain  alternator  sliown.  Tliis  alternator 
is  rated  for  an  tiutput  of  850  kilowatts  at  100  R.  p.  M.  on  a  power  factor  of 
(rS5.  It  therefore  gives  i,<k)o  kilovolt-amperes,  and  as  its  revolving  field 
magnet  has  30  poles  the  periodicity  is  25  A# ;  the  current  generated  is 


Fig.  392. — Gas  Making  Plant  at  Cammelt,  Laitd  uU  Co.'t 
Yard. 
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of  powiT  is  rutiich-  .il>-"il>ril  \'\  lilt  \. Ill-ill-  m.uiiiu'  -.  <  !■  .  iii  .i  niiuiii 
mill  which  dials  with  one  ot  thf  ollm  \v.i.~lf  iii.Hlu.  t^.  the  >l.i;;  nl  th-- 
l,l,i>t  luin.Ri-,  and  manufactuns  fmtu  it  i.oon  tuns  j«r  witk  <•(  ivnuiit 
.•(lual  to  the  lH>t  I'oitland  (niH  iii.  Tlir  wh-K  m  ii.'>  ci  i . .in|.li,  .tl-d 
iiiwratiuns  in  which  iKclncity  plays  an  niiiMHtaiit  and,  piaunally.  an 
indispensable  part  is  a  most  interesting  example  of  modern  nutliods  of 
'itili>inii  \va>ti'  jiiudncts. 

In  tlu'  same  works  tluie  is  an  intere>tin.i;  >  \.iiiii>li'  o(  the  utilisation 


Fig.  39J.-Gen«ating  Plant  dri»cn  by  llUut.Furna..c  Wa.»e  Gastj  in  Ironworks 


of  exhaust  steam  for  the  pnuMai..,,  of  .U.t.u'  i^av,,.  1  >liov.. 
,  low-pn-.nre  Kateau  turbine,  which  takes  the  exhan>t  >Umxx  lio.n  two 
blowing  en^ines  and  drives  a  5no-kilowatt  Brown,  Ruveri  contmuous 
current  dynamo,  the  power  fron,  which  is  n.  d  for  l..htin«  the  ^v<'rl<s^a,H 
for  driving  various  auxiliary  motors,  liy  n^ans  of  a  s-o-kilowatt  Scott 
and  Mountain  motor  generator,  this  plant  and  the  Kas-oimiu-  p  an  c;m 
be-  coupled  to^cthrr.  thus  adding  considerably  to  the  practical  Ikxibihty 

of  the  whole  installation.  .      ,  ■  ,  ,„  u-. 

Plants  for  Exceptional  Cascs.-\  cla.s  ot  ca.cs  m  wl.Kh  -t  max  Ix 
deemed  nccc^siry  to  install  costly  ^encratrng  plant,  notwithslandm^:  t  le 
fact  that  public  supply  mains  are  acc.-ssible  from  which  iH.wer  can  In- 
obtained  at  a  reasonable  rate,  is  that  ot  .ho.e  ,,  .htcchnics  and  technical 
institutes  in  which  the  training  of  electrical  euKmeers  is  a  piomment 
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part  of  the  work.  Such  schools,  csixcially  in  London  and  thr  larger 
towns,  are  attended  by  students  who  are  daily  handling,  or  will  shortly 

be  haiiillini,',  tho  most  modmi  and  up-tn-d.itc  apparatus  and  machinery, 
embodying  tho  lat.st  rosults  of  scifntitic  and  rniiinctrint:  invcstiRations. 
It  is  useless  in  the  advanced  classes  to  attmipt  to  t^ive  pr.u  tical  tt  achiiii; 
to  such  men  with  makeshift  apparatus,  though  for  the  iuiulaim  ntal  expen- 
mi  nts  of  elementary  classes  sudi  apparatus  may  be  more  educational  than 
thf  iiKKt  hi-hly  Unfile  d  piodiu  ts  nf  the  marliine  -licpor  the  iii-trmiu  lit 
shop.    Vox  thr  advaiKi  il  >i iidriits  who  are  ahe.i'ly  cii^im  ei s,  or  nrail\-  so. 


FiS-  394.— Low-Presiur*  I'urbiuts  Drivtii  l  y  lixhaust  Stum  from  Blowing  Knginel  in  Ironworks. 


the  real  thing  must  be  provided,  and  on  a  sufficiently  large  scale  to  make 
the  experiments  engineering  experiments,  and  not  toy  experiments. 

As  the  institutions  of  this  grade  usually  require  a  fair  amount  of  energy 
for  lighting  and  power  purposes,  it  is  but  reasonable  that  these  should  be 
supplied  from  a  generating  station  on  the  premises  in  which  the  students 
can  study  on  an  en.nineering  scale  some  of  the  problems  of  a  large  pubUc 
supply  station,  and  ii  the  equipment  of  the  station  Ih'  carefully  designed 
much  work  of  high  educational  value  can  be  done  in  it. 

Northampton  Polytechnic  Institute,  London.— As  an  example 

with  which  the  author  is  necessarily  very  familiar,  some  description  of 
such  a  blaliou  at  the  Nuilliaiiiplua  Puiyiechiiic  in.^tiiuio  may  list  fui;y 
be  given  here.    Tlie  contractors  for  the  whole  station  were  the  well- 
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loitAvii  iriu  n(  Siomens  Biothor*.  who  workeil  to  sprifimtinns  drawn 
bv  iIh'  t..liiiir.il  >.t.itf  (if  thf  I'l'Ktnliiiio.  I'hi'  f^iiu  i.ilin-;  I'laul  M.iiM-ts 
lit  two  loo  H.  P.  six-cylinder  (i.udi\<  r  gas  <  tiKiiu  s,  .-ti|'|'linl  l)y  M<  ->r-<. 
Xorris  and  Hcrity.  and  rach  drivinR  a  50-kilowatt  cuntiiimms  curn-nt 
.Ivii.imn  and  a  ^n-kildwal I  .ilti  iiuiti'i  oniiilid  tot,'.  th«  r  on  tlu-  ?-ame  shaft. 
Due  111  till'  ingim  s,  witii  its  two  i^ciu  ratms  in  the  b.u  ki;niinul,  is  shown 
in  Fifj.  395.  whilst  the  two  liius  of  ni.ichiius  a-  tli>\  ajiiM  .11  fioiii  the 
i^cmTator  end  are  dri'Ut.d  in  li,-.  y,h.    P  •■  '••         n.    'i,!!!-!  with 


395.— i'P"''  'j*'  Ki.iu.cs,  N  r;l..iiiil'tjn  1'   1  • 


gas  from  a  producer  plant  erected  by  the  fatupbell  C'.as  luisuie  Company, 
with  an  ample  margin  of  total  power,  and  well  ailapted  for  experuncnta 
imrp()S<'>.  As  a  stand-bv  and  for  times  when  it  would  not  b»'  economical 
to  start  up  the  prodi'xer  plant,  connections  to  the  public  gas  mains  are 
provided.  The  cooling  water  for  the  water-jacketed  cylinders  is  obtained 
from  11u>  a.ljacent  large  swimming  bath  of  the  Polytechnic,  which  forms 
a  very  eliicient  cooling  pond.  For  lubrication,  most  of  the  workmg  parts 
are  enclosed  in  the  ci.mk  ca>e,  wl.a  h  eontains  an  oil  bath,  and  In.ced 
lubrication  is  provide.l  for  the  main  and  connecting-rod  baruigs.  llie 
normal  -peed  is  5  .0  k.  p.  M..  and  as  there  arc  six  cylinders  runnmg  on 
the  weii-kaown  OtU,  c>clc  with  one  explosi-n  i'l  ewry  two  revolutioiis. 
It  follows  Uiat  there  are  twenty-five  explosions  per  second,  which  must  be 
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accu'ately  titnt  tl  to  follow  onr  aiintlRr  in  uvular  siTiIuikv.  The  sparkiiir 
goa'  has  thiTi-fore  to  l>»  botli  will  ilosiRiK'tl  and  well  made  to  l>e  reliable. 

The  CdutiiiiioiH  iiiiicnt  Siemens  geiu  i.itnis.  wliicli  aie  pl  iced  neaie  i 
to  the  eiu;ini li;ivc,  as  .iliradv  stated,  an  diitimt  of  50  kilnwatts  eai  ii 
the  >taniiaid  \MhaL;e  W\w^  jjo  vults;  but  this  mav  1><-  \aiie(l  U'tweni 
200  and  Jjo  volts  by  hand  regulation  of  resistance  in  the  slnnit  circuit. 
The  field  magnets  are  compound  wound.  U  ing  over-comi>ounde<l  so  as  t«. 
give  a  rising  P.  o.  at  full  load. 


Fij;.  A.  c.  and  c.  u  Generators,  Norlhamptou  roiytechnic  In>liuuc,  LutiJon. 


The  Siemens  alternators,  which  are  in  tandem  with  the  continuous 
current  machines,  are  driven  through  a  coupling  which  can  be  thrown 
out  of  action  when  desind,  thou,i,'h  this  is  seldom  done.  Tliey  are  of  the 
revolving-tield  type,  and  their  tield  magnets  have  six  poles  with  laminated 
pole  faces,  the  current  generated  therefore  having  a  periodicity  of  25 
The  f.ict  that  the  periodicity  necessarily  corresponds  to  the  number  of 
e.\pl<i>ions  per  second  in  the  engines  has  leil  to  some  interesting  problems 
in  paralleling.  The  arniaturi',  tiie  housing  of  which  can  be  seen  in 
Fig-  3<)6,  is  of  the  open-slot  type,  well  ventilated,  and  with  the  coils  held 
in  their  places  by  wooden  keys.  It  Is  wound  for  three-phase  currents, 
and  as  the  >.ix  ends  of  the  winilings  are  brought  out,  tin  y  can  Ih;  connected 
up  either  in  star  or  mesh,  the  standard  voltage  in  star  being  2,200  volts 
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..ri.liax*-.  The  fxciting  current  l..r  tli-  tiM.l  m.un.  n  i  (mn.  tli. 

l,,w-nrrssurf  continuous  current  swit.hlx.a.a  .n  \W  n..im.il  j->«--»i«- 
v,,lts  tlircUKh  two  ,,'nn-in.tal  .lir-rint-s  vl.nink  on  thr  .halt,  from  wl.uli 
thcv  arc  insulated  1)V  niii  .miic 

riH-  temp»-rature  ris»-  oi  all  tlu'  K.n.ratur>  i>  i;'i."anl. .  .1  ti.it  to  .s....! 
-,,  I'ahr.  after  six  hours  run  at  full  load  ;  they  vitl  stand  a  25  \'^  \  «ent. 
HX.il.M.l  for  oiu-  hour  and  a  nmin.nt.uv  uwrload  of  50  \nx  cent. 

It  is  interestinn  to  n..le  tliat  tli.'  guaiantecd  over-all  etlioieneus  of  the 
generators  are  as  follows  ;— 

C.c.  nvnami).  Alt.  tii.ilur. 

I.-uU  load  f*?*  inr  cent.     ..     W-nxr  cent. 

Thne-quarter  load  ..  ^7*  -•  •■ 
Half  load  ••  ••  •• 

,1„.  p,Av,i  fa-tnr  of  the  altenwtin^  circuit  Ix-ini,'  0S5.  Tlu-  volia^.  dio,. 
l,,tween  no-load  and  full  non-in.h.ctive  load  of  the  alternators  is  le>s  than 
TO  per  cent,  at  con-taut  sp.-.  d  and  eN,  it.,..on.  and  tlu-  wave  form  is  >;uar- 
nitled  to  contain  no  harmonic  with  an  anq-htude  exceedinR  2  ,«t  rent,  ot 
,1,,.  amplitude  of  the  fundamental  sine  wave,  the  maxnmmi  .I  v.ni.m 
.^,,1^  (,„„  ,  un.  >n.-  wav  bein,'  5  P^T  cent.  Th.  aetual  wave 
L,rm  obtained  has  Uen  already  ri  f.  ired  to  \n  detail  .m  pa.,  .  34,;  t'-  !4> 

The  station  also  contains  a  secondary  baiie.v,  a  n,..t,.v  u.n.  vato.  >H, 
transformer,  a  rotarv  converter,  and  very  complete  sw.tchl»,a,d-  ot  mod,  in 
tviv  most  of  which' wll  b««  referred  to  later  in  the  pro,xr  plar.  s. 

Roial  Mlnt.-An   intere-tmK   ,enr,atH>,   Ma„o„  ot   th--  kmd  Nuth 
whid.  we  are  dealing  in  this  section,  and  on-  which  wdl  p-bab V  a,.p.  a 
the  imagitiation  of  the  reader,  is  the  new  gen.  >aim.  -tafon  ot  th,  Koval 
Mint     The  Mint  i-^  so  plan.!  that  it  cuM  p.obablv  obtam  the  necessarj 
energy  for  the  re.iut.te  pow,  r  an,l  li.htn,,  puvpo.s  from  r"^' 
lut  thisis  perhaps  a  ra.-  m  .h.,h  U  wonU  W  naddv  n,n,,,l.,l  tha  ,he 
,,„i,.,inc  an,  equipment  should  Ix-  so  plamud  that  the  ne.v-.u  v  op, ,  u„.„- 
Ul  dl  b..  cl-nlaine,!  within  the  four  walls,  and  not  b,-  depe,>.Un  l.,.n 
hour  to  h,.nr  on  ontsi.le  a».-tancv.    ll..v,  v.  r  that  n,av  W  the  Royal  .M.nt 
Ls  alw..vs  had  its  own  power  stations,  the-  m,.t  tccnt  an.l  mo,lern  o  wh  h 
.hown  in  Fic  397.    It  is  a  steam-driven  station,  the  Ixnler  plant  In  inM 
;v  nlabU-  fnnn'tlu  ol.l.  r-fa.hi,med  period,  when  marine-tyiK«  steain  u,,na-s 
and  complicated  shafting  were  enq.loye,!.    There  are  two  generatmg  sets, 
each  conkting  of  a  Willans  high-speed  vertical  .vcpn,.  atn,.  >-^'-  '  «-  j 
c„u,.l.<l  to  a  Siemens  continuous  current  dynamo  huvniK  an  output  o 
200  k.lowatts  at  no  volts.    The  buildings  are  very  compact,  and  no  pumt 
where  current  is  re.iuired  is  very  distant  iron,  th,'  pow.  i  Matum;  hence, 
U      .Stages  of   l,.w-voUagc  workin,  can  b-  securul  w.thout  much 
rifk   m  economy.   The  switchboard,  which  can  be  seen  on  the  other 
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sitli'  of  flu-  (Ivnanio-;,  is  of  tlio  siinplt<  pliip  tvpf.  -vhiili  will  b«>  ilc-rribf, 
lati  i.  lU  It  any  di^tributini,'  cin  uit  r.iii  Ix-  juit  .  itlicr  on  the  modem 
statii)ii  or  on  an  uhU  r  station  in  \vhicl»  thi  rc  ;uf  four  80  B.  P.  sets  Rivint; 
continuous  current  at  the  same  voltage.  The  total  horse  power  av.iilabl. 
i->  tlii  ii  fiin'  850,  of  wliicli  till-  wiiidus  inotniN  can  .ilPM)ih  fimn  600  to  -m,. 
I'm  nii,'lit  load  there  are  twolC.P.  S.  Sfcomlary  l)attt  ries,  wliicli  can  K'Ve 
a  st(  ady  discliargc  of  alxnit  80  kilowatts,  which  is  ample  for  all  purposes 
\vli«  n  the  inacliiiiery  is  not  rimninpr. 


('li'  397.— tieuiu.'UUii  &utuun  al  uw  Kuyal  Mmi,  Ixiuaa. 


General  Post  Oflice,  London.— A  ,t;t m  rating  station  whidi  more  nearly 

approximates  to  the  lar,i,'e  public  supply  stations  to  be  desciibed  later,  but 
wliicli,  as  it  is  really  incidental  to  a  very  different  ?•  ries  of  undiTtakings, 
more  iiaturalls  falls  into  the  pre>ent  section,  is  the  new  powir  station 
of  the  General  Post  Olhce  which  was  started  to  supply  iX)wcr  to  the  group 
of  po.-t  office  buildings  in  the  neighbourhood  of  St.  Martin's  le  Grand  in 
NoV(  inl>rr,  IQIO. 

Tlie  power  handled — some  ^,500  kilowatts — is  quite  considerable,  and 
it  can  readily  be  imagined  that  it  would  have  been  extravagant  to  provide 
space  for  the  generation  of  tliis  ani'iunt  of  j'oivcr  within  the  exiKii-ixr 
area  of  the  City  of  London  when  iimch  cheaper  space  was  a\  ailable  wiiiun 
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a  comparativdy  short  distance  on  the  other  side  of  the  river  at  Black- 
friars.  A  s\iitablr  sito  liaving  been  found  in  the  cheaper  locality,  the 
station  has  boon  oroctod  there. 

An  inttnior  view  of  the  engine  room  of  the  station  is  given  in  Fig.  so?'. 
The  generating  plant  consists  of  two  Dick,  Kerr  turbo-altemators  of  the 
open  type,  similar  to  those  already  described,  eadi  having  an  output  of 
1,000  kilowatts  at  i.scx)  r.  p.  m.,  and  a  turbo-alternator  of  the  closed  stator 
type  having  an  output  of  500  kilowatts  at  3,000  r.  p.  m.  Each  alternator 
is  driven  by  a  Willans-Parsons  turbine,  the  current  generated  Ixing  thr.  e- 
phase  at  6,^  volts  per  phase  and  50  periods  per  second.  The  smaller 


rif.  399.— SeetkMul  Elevation  of  the  C.P.O.  Generating  Ststioa. 


set  is  bipolar,  whilst  the  lai^er  sets  have  fuur-pole  rotors.  The  exciter  for 
each  alternator  is  driven  thnnigli  a  flexible  coupling  by  the  same  turbine 
shaft,  and  is  earned  on  an  extdision  of  the  end  pedestal,  a  method  to 
which  reference  has  previously  boon  made  (see  Figs.  220  and  345).  If 
necessary,  the  fields  can  be  excited  from  the  auxiliary  plant.  Each  set 
is  capable  of  canning  a  50  per  cent,  overload  for  two  hours,  and  therefore, 
if  suthcient  steam  could  bo  supplied,  the  station  could  for  that  length  of 
time  deliver  power  at  the  rate  of  3,750  kilowatts. 

The  auxihary  plant  seen  on  the  left  of  the  picture  (Fig.  3fp)  consists  of  a 
dynamo  and  a  motor  generator  set,  each  having  a  capacity  of  35  kilowatts. 
The  dynamo  is  drivon  by  a  Willans  and  Robuison  reciprocating  vertical  high- 
speed engine,  and  delivers  continuous  eurrc  nt  at  no  volts  to  Wxc  low-pros-ure 
switchboard.  The  motor  generator  set  can  Ix^  worked  either  from  the 
continuous  or  tlie  alternating  current  side ;  it  can  take  energy  from  the 
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li.\v-iirc?snre  continuous  current  busbars  or  from  either  the  low-  or  high- 
|iiis>iin'  iiltfin.itiiis;  (Miiront  lni->)ars.  In  the  l.i>t-n,init  il  c.i-ie  an  induction 
iiiotor  (irivt's  the  continuous  cmniit  firiicrator  nt  tlw  >ct. 

A  sectional  elevation  and  a  j>lan  oi  the  !-tatit>n  arc  niven  in  I'iu-.  .^Of) 
and  400,  and  are  worth  careful  study.    The  station  beinj;  on  the  banks 
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of  the  Thani.'s,  Ih"  ckiI  is  (Idivcrcd  In  it  in  baiiics,  whmce  it  is  hoisted 
bv  a  roof  crane  and,  aftt  r  l«  ing  weighed,  is  (onvrwd  to  thr  Imnk.  i-.  bv 
till-  usual  appliances.  The  iMiilcr  room  is  paralU!  to  the  i n^;nic  room,  the 
ironomisor  and  chimney  iH^ni,'  at  the  end  of  the  enpne  room.  'I'liere 
is  a  battery  of  seven  StirHn;;  watn-tiilw  b.iil.r-  ha\iiii;  a  total  M'am- 
raising  capacity  of  over  130,000  lb.  of  steam  [h  v  hour  when  thvy  au  all 
77 
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under  full  steam.  The  disproportion  lx>t\vetn  tlio  sp;uf,  wlutlur  floor  space 
or  cubical  space,  occupied  by  the  steam-raising  and  the  steam-using  plant 
is  vor\-  marked ;  it  is  a  feature  of  all  large  stations  in  which  turbo-generators 
are  installed,  and  one  to  which  we  shall  draw  more  detailed  attention  later. 

The  switching  and  transmission  arrangements,  and  the  somewhat  unique 
utilisation  of  some  of  the  power  generated  at  this  station  will  be  dealt 
with  in  subsequent  pages. 

III. — BATTERIES  OF  GENERATORS 

From  the  foregoing  it  will  be  obvious  that  in  many  cases  in  practice 
it  is  necessary  from  time  to  time  to  increase  the  generator  output  in 
an  electric  supply  system  for  a  longer  or  shorter  period.  If  the  machine 
or  machines  already  at  work  are  fully  loaded,  this  can  only  I'c  dnnc 
by  bringing  into  action  additional  machines,  and  in  doing  this  certain 
problems  arise,  partly  dependent  on  the  type  of  machine  in  use  nnd 
partly  on  the  system  into  which  it  is  to  be  introduced  and  to  the 
part  it  has  to  play  in  that  system.  These  problems  depend  so  much 
for  their  solution  on  the  principles  which  underlie  the  desi^'ii  and  con- 
struction of  the  generators,  that  it  will  be  convenient  to  deal  with  them 
here  before  we  proceed  to  the  consideration  of  large  modern  supply 
stations  in  which  the  solutions  of  such  problems  are  continually  being 
required. 

The  problems  to  be  so'ved,  so  far  as  they  depend  on  the  generators, 
divide  luiturally  into  tw  classes,  according  as  the  machines  to  be  dealt 
with  are  continuous  or  alternate  current  dynamos.  In  regard  to  the 
system  of  supply,  the  incoming  machine  may  be  required  to  increase  the 
output  by  incre.ising  the  current  without  changing  the  pressure,  or  it  may 
be  requiretl  to  increase  the  output  by  increasing  the  pressure  without  change 
of  current.  The  third  jjossible  case,  wliere  both  current  and  pressure  are 
to  be  consiuerably  changed  by  the  incoming  madiine,  does  not  occur  in 
modem  practice.  The  generators,  when  working  together,  may  be  con- 
veniently described  as  "  batteries,"  as  they  are  electrically  analogous  to  com- 
binations of  voltaic  cells.  The  two  chief  ilivisions  into  which  such  batteries 
fall  are  (i.)  continuous  current  batteries  and  (ii.)  alternate  current  batteries. 

m.  (i.)— CO.STINUOITS  CfRRENT  B.\TTERIES 

'  To  form  these  it  may  be  desired  to  join  the  generators  in  scries  or  in 
parallel ;  with  the  large  and  varied  outputs  ot  modern  generators  a  series- 
parallel  combinatiim  is  seklom  retpiired.  The  methml  to  he  followed  in 
liiini;inj;  in  additional  continuous  cinrent  madiiito  which,  it  must  be 
renienibereil,  are  seli-excitiug  generators  will  depend  uinin  the  mode  of 
excitation,  or,  in  other  words,  upon  whether  the  machines  are  (i.)  series-, 
(ii.)  shunt-,  or  (iii.)  compouud-wuund  dynamos. 
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Generators  in  Series. — As  this  is  the  simpler,  thonch  not  at  present 

ilio  most  iisUiil,  i.;ist',  it  wiil  he  i  ousidrrt'd  tirst.  Tlir  ni.it  liiiv  -  .i\  .ul.i!>li' 
should  be  regulated  lor  couslaiit  eurreiit  {see  pa,i;is  U)i  to  197),  and  In 
form  part  of  the  same  batter>'  this  current  must  be  tlie  same  for  each 
niacliinc. 

Series  Dvnmnos. — This  is  the  simplest  case  o|  all.  as  the  inacliiiie  (I'lj^ 
jXj,  Vol.  I.)  has  but  one  circuit  throiit;li  its  annatun  .md  tii  ld  (oils  ni  si  iics. 
Having  run  the  machine  up  to  its  normal  sjM.>ed,  an  obvious  precaution 
to  take  is  that  the  current  from  the  otlicr  machines  is  passwl  throni;l\  in 
the  direction  ncussaty  to  ensure  tiiat  tlie  pnl.iiitv  will  be  li^tit  win  11  the 
new  machine  becomes  fully  excited,  so  that  -\-  terminal  will  be  imiieil 
to  —  terminal  all  along  the  line.  The  machine  will  be  switched  into 
the  supply  circuit  and  removed  from  it  exactly  in  the  same  way  as 
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any  other  piece  of  constant  enirent  appara1\is.  When  it  is  fullv  excited, 
it  will  be  necessary  to  adjust  its  si)eed  so  that  it  takes  its  tair  share 
of  the  whole  load,  as  indicattxl  by  a  voltmeter  placetl  across  its  ter- 
minals. ,  . 

Shunt  /)v»rt»ii)s.— When  shimt  dynamos  are  run  in  series  then  excitinj; 
circuits— except  at  the  two  terminals— should  be  discnnet  ted  from  the 
brushes  and  placed  in  series  across  the  extreme  terminals.  This  will  ensure  that 
each  exciting  coil  lias  the  same  current,  for  it  is  assumed  that  the  machines 
.iiv;  similar— a  condition  which  will  usually  obtain  in  practice.  The  method 
of  bringing  in  the  new  machine  can  be  followed  by  reference  to  Ti^.  401, 
which  represents  twd  dvnamos  1  and  2,  with  their  armatures  a,  and  .\, 
.,ud  field  coils  K,  and  Kj  in  series  on  the  terminals  T  and  t',  and  a  third 
.Iviiamo  3.  not  y>t  in  circuit,  and  with  its  field  tii.ii;iu  is  n,.i  ex.  it.d. 
Dymmio  3  having  been  nm  up  to  its  normal  speed,  swit.  lies  a  .md  /<  sh..iild 
be  closed  and  switch  c  opened.  This  will  run  the  coi\stant  current  from 
the  other  dvnaiiios  thron).;li  Aj  as  a  prartu  illv  de.id  resistance.  Now 
close  switches  d  and  e  so  that  the  held  cil  K,  oi  dynamo  3  will  receive 


388 


El.F.CTRlClTY  IN  THE  Sf.KVICF.  OP  MaN 


current,  and  the  magnetism  will  "  build  "  up  until  the  p.  n.  across  th. 
brushes  is  equal  to  the  P.  n.  of  each  of  the  other  machines,  which  will 
proK-iMy  be  lf>s  Uiau  it  \v;i^  bcfon-.  as  tlioir  .Mitiiin  nincnts  may  U 
temporarily  diminished.  The  switch  /  ran  now  W  rinsed  and  die  switclu 
e  and  opened,  leaving  the  three  arinaturis  a,,  a,,  an<l  a,  in  series  across 
the  terminals  t  and  t',  and  the  three  fields  coils  Fj,  F,,  and  F,  in  series  acros^ 
the  same  terminals. 

To  remov.'  ilynamo  3  from  the  .  ircnit  when  it  is  no  lont;er  vecimred 
switches  e  and  g  should  tirst  be  closed  and  switch  /  opened.    The  dynaim. 
can  now  be  slowed  down,  and  when  its  magnetism  has  disappeared,  switch 
c  can  be  closed  and  switches  a  and  6  opened,  thus  disconnecting  it  from 
the  circuit. 

If  the  machines  are  not  simUar  their  fields  cannot  be  placed  in  a  series 


Fa 


Fa 


T 


1. 


At/ 


pis.  4tM.— Riumi.ig  r.im|Mun'I-Woimil  Dynamos  in  S.  ricil. 


circuit  separate  fn^m  the  armature  circuit.  In  this  case  it  will  be  found 
more  difficult,  th()ii!,'h  not  iin|)()ssible,  to  adjust  a  var\'ing  load  fairly 
between  the  different  machines  in  series. 

Compound-Wound  DyHdmos.— This  case  is  to  be  dealt  with  precisely 
as  the  last,  the  series  coil  Iwing  treated  for  a  long-shunt  (Fig.  2)  as  part 
of  the  armature  and  for  a  short-shimt  (Fig.  I)  as  part  of  the  connecting 
lead  between  tlic  aiiiiature  and  the  terminal  of  the  machine,  the  one  addi- 
tional prtcaiitioii,  perhaps,  being  that  after  closing  the  switches  a  and  6, 
the  switch  c  should  be  at  once  openal,  though  as  a  rule  the  current  through 
the  seines  coils  alone  will  not  be  sufficient  to  e.xcite  the  field  of  the  dynamo. 
A  diagram  of  the  connections  is  f^iven  in  Fig.  402,  in  which  the  series  coils 
Sj,  Sj.  ami  Sg  are  shown  for  short-shunt  compounding,  and  the  same  refer- 
ence letters  are  used  as  in  Fig.  401.  The  switches  are  to  be  manipulated 
in  the  order  desiribcd  above. 

The  principles  underlying  the  use  of  dynamos  in  series  have  been 
rendered  imfxirtant  through  the  successful  experiments  of  M.  Thury  anil 
others  on  the  employment  of  high-voitage  dynamos  in  series  for  high- 
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\-.iltage  transmission  of  cn-.Ti^y  l>y  imaiis  of  tniitiiHiuiis  rnrrcuts.  Tli(? 
ultimate  presume  readnil  has  excmlwl  50,000  volts.  It  is  nocessary  to 
Mill  out  tliilt  wluTi'ViT  tlif  pressure  is  e/en  nuuh  lower  than  this  the 
luuhiiu's  and  all  circuits,  switches,  and  apparatus  connected  therewith 
must  be  verv  c.irefnllv  in-~iilaled,  and  operated  .'th  i)iiiin'r  preciulions 
to  ensure  safety.  Suitable  high- voltage  switches,  etc.,  will  be  described 
:.iier. 

Generators  in  Parallel.   As  the  more  usu.it  method  of  suiipKiii!^ 

c  li  (  trie  energy  is  to  kee]>  tlw  pres>\ire  on  the  mains  con^t.iiil,  and  to  increase 
or  diminish  the  supply  by  increasing  or  diinini>hiiig  the  current,  it  is 
ii.(inently  necessary'  at  times  of  heavy  load  to  a<ld  additional  generators 
11  i>  irallcl  to  the  batten*'  to  furnish  the  additional  current  required.  As 
ilii-  load  diminishes  these  additional  inacliiiies  can  be  cut  out  of  circuit, 
ilie  aim  of  the  engineer  being  to  keep  eai  h  .. 
unit  of  plant  which  is  running  as  nearly  fully  ^ 
I'Miled  as  i>.  possible.  The  initliods  of  switd.- 
iiig  in  and  out  dt'pend,  as  in  the  cases  considered 
al)ove,  on  the  method  of  excitation  of  the 
iK  namos. 

Sfrifs  Pynanm. — Tliis  rase  is  not  usual,  but 

,1-  it  may  occur  it  will  be  well  to  de.il  with  it. 

ihe  jioints  to  be  l)orne  in  mind  are  that  a 

series  dynam<»,  even  though  running  at  full 

-peed,  is  "  dead  "  until  cnrri'iit  is  pas-ed  through 

Its  field  coils,  and  that  therefore  such  a  dynaiiio 

should  not  be  placed  on  "live"  busbars  with. 

out  precautions  being  taken  to  prevent  a  rush 

ot  current,  which  would  reverse  the  magnetism  of  its  field  magnets,  with 

disastrous  ci)nse(iiiences. 

Arrangements  must  therefore  be  made  to  e.xcite  tiie  fields  before  the 

armature  circuit  is  closed,  and  this  can  be  done  by  the  nu  t  hod  shown  ir 
I'il;.  403,  in  which  two  series  in  uhines  1  and  2  ate  shown  as  already  ninning 

m^paraliel  on  iho  busbars  .\  and  b.     Die  third  machine  3  is  supjiosed  to 

]>e  running  at  full  .,peed,  but  with  all  switches  open,  and  therefore  "  dead." 
fhe  switches  a  and  6  are  to  be  closed  first,  thus  passing  current  through 
the  field  coil  F3  from  the  other  machines,  and  causing  the  magnetism  of 
3  to  "  build"  ;  as  soon  as  the  voltmeter  across  the  brushes  of  the  arma- 
ture A3  shows  that  the  requisite  E.  M.  F.  has  been  developeil  the  switches 
c  and  d  can  be  closed. 

The  cross  switch  a  must  be  left  closed  during  the  ninning  of  the  maclune 
so  as  to  ensure  that  the  held  current  shall  always  pass  through  F3  in  the 
right  direction.  If  this  switch  were  open,  should  the  e.  m.  f.  of  A3  from  any 
cause  drop,  there  would  be  a  danger  ot  the  current  throujih  the  machine 
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bfinK  r:ii>i(lly  reversed.    For  the  first  eliect  of  the  ilrop  of  the  E.  M.  F 
would  l>e  that  the  machine  would  not  contribute  its  pro|)er  pmjiortion  .  i 
current  to  the  luishais;    its  hiKl  would   tlitrcfore  be  weakened,  and  tli- 
E.  M.  F.  would  drop  still  lower,  with  further  weakeninfi  of  the  tield,  unu. 
very-  rapidly  the  p.  D.  of  A  and  B  would  lie  greater  than  the  E.  M.  F.,  and  tlx 
current  would  then  reverse,  reversing  the  field;  and  the  E.  M.  F.,  and  causing; 
an  enormous  ( urreiit  to  pass  from  A  to  B  through  the  machine.  Now, 
although  with  a  closed  it  is  still  jwssihle  for  the  current  in  the  armature  \ 
to  be  reversed  if  its  E.  M.  F.  should  fall  t(M)  low,  yet  the  current  in  Fj  wil. 
Ik-  maintainc'  in  the  right  direction,  and  therefore  there  will  always 
an  E.  M.  F.  in  tlie  right  direction  in  .a,,  for  3  would  then  be  a  separateh 
excited  machine.  Long  before  mischief  could  develop  either  an  automatic 
switch  should  open  or  the  switchboard  attendant  should  have  found  out 
that  something  was  wrong,  and  have  taken  steps  accordingly 
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In  removing  the  machine  from  the  circuit 
^  its  speed  should  be  reduced  slowly  until  then- 
is  practically  no  current  in  tiie  armature,  when 
the  switches  c  and  i  can  be  safely  opened, 
leaving  tlie  field  magnets  excited.  Before  open- 
ing either  of  the  switches  a  ur  h  a  discharging 
resi>tance  should  be  placed  across  the  terminals 
of  Fj  to  absorb  the  energy  of  the  magnetic  held 
when  the  switches  are  opened. 

It  will  be  gathered  from  the  alx)ve  that  the 
regulation  of  series  dynamos  running  in  parallel 
requires  constant  supervision,  and  may  be 
preference  given  in  modem  practice  to  shunt  and 
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fig.  <o4,— Running  Shunt  Pyaaaxa 

in  Par.illi-I. 

troublesome  ;  hence  the 
compound-wound  machines. 

Shunt  /)y«awos.— Similar  precautions  must  be  adopted  for  an  incoming 
machine,  as  in  the  last  case,  namely,  (i.)  to  run  it  up  to  full  normal  speeil, 
and  (ii.)  to  excite  its  field  magnets  before  closing  the  armature  circuit. 
The  necessary  arrangements  are  sliown  diagrammatically  in  Fig.  404. 
and  are  very  simple.  As  before,  two  dynamos  1  and  2  are  already  ( n 
the  busbars  A  and  B,  and  3  third  machine  3  is  nmning  and  ready  to  be 
switched  cm.  On  closing  the  switches  a  and  h,  the  held  coils  F3  receive 
a  full  exciting  current  from  the  busbars,  and  as  soon  as  the  i;.  m.  f.  of  A3 
reaches  a  little  over  the  busbar  value,  the  switch  c  may  be  closed,  and 
the  speed,  or  excitation,  of  8  adjusted  until  it  takes  its  proper  share  of 
the  loail. 

To  take  out  of  circuit,  the  speed  should  be  gradually  diminished  until 
the  machine  is  giving  little  or  no  current  to  the  busbars,  and  then  the 
switches  a  and  6  can  be  opened  safely  and  the  macliine  allowed  to  slow 
down  to  a  standstill  before  opening  the  switch  c. 
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It  will  be  iK.tiotl  that  tluTi'  i^  no  danfjcT  nf  the  maRttetism  reversiuR, 
even  though  the  e.  m.  f.  -h.i\il.l  l.ill  th.it  the  (iiri.nt  thiMii-li  tlie 

armature  is  reversed.  11  this  should  liap|K'n,  the  ma.  lime  would  be  drisen 
as  a  motor  from  the  !nisbars,  but  before  this  state  of  things  coul<l  lie  si-t 
up  an  automatii-  switch  at  c  would  usually  open  the  armature  ciraiit. 

Compound  Dynamos.  AS \\.\\  comix .und-wound  machines  the  method  to 
bo  followed  is  a  little  more  complicated,  either  when,  throu^jh  iiu  r.  .iM  of 
load,  another  dvnamo  is  required,  or  on  taking  out  a  dynamo  a-  the  load 
diminishes.  The  proper  method  was  first  pointetl  out  by  Mr.  Mordey.  and 
is  shown  diagrammaticallv  in  Fig.  4".>  h^x  and  T.  t.  are  the  busbar 
connections  of  two  compound-wound  dynamos  supplying  constant  ix  tent-al 
mains;  A,  and  A,  represent  tLe  annatures,  and  the  thi(k-  and  line-hne 
spirals  are  intended  to  represent  respectively  the  ^eric^  and  shunt  circuits  of 
the  held  magnets,  llach  . 
djTiamo  has  a  switch  I 

in  its  shunt  circuit,  and 

another  in  its  prma- 

ture    circuit  between 

the  brush  and  the  junc- . 

tion  with  the  shunt  cir- 
cuit. The  brushes  li, 

next  to  the  inner  eiuls 

of  the  series  coils  can 

also  be  connected  by  a 

separate  conductor,  in 

w  hich  there  is  an  addi-  . 

,        ..    ,  Fig.  4  ^-Knnnh.K<-..mpound.Woi.n.l  l)yiu.m.«.n  l..r..llel. 

tional  switch  2.  *  '  , 

Now  suppose  the  machine  a,  to  Ix-  nmnmg,  with  its  swiu  h.  -  s,  and  »i, 
„{  course  dosed,  and  it  is  required  to  bring  into  circuit  the  machine  a„ 
the  following  is  the  method  of  procedure  -.-First  run  the  armature  a, 
up  to  full  speed  and  dose  the  sw.tclus  s.,  and  r.  This  will  cau^e  the  tu-ld 
nvienets  to  be  excited  to  full  strength  by  b.th  series  aiul  ^huut  cils,  the 
re<iuis.te  currents  being  suppHed  by  A,.  As  soon  as  the  full  magnetisation 
is  devdoped,  the  armature  A.,  w,ll  be  fovmd  to  be  generating  the  rciuisitc 
E  M  F.  and  then  the  switch  m,  may  be  close.l  and  the  operation  is  complete. 

■  By  thus  connecting  both  ends  of  all  the  series  oils  in  parallel  ,t  becomes 
impossible  to  reverse  the  current  in  any  of  them,  a  contuigency  tluU  might 
easily  occur  if  the  coudu.  tor  and  its  switch  were  om.tto.1.    The  evil 

ofsuch  a  reversal  is  evident,  as  the  series  co,l  wouM  then  become  a 
danavuHis^ng  coil,  weakening  the  field  magnets,  and  therefore  lowering 
iie  M.  F.  and  tending  to  cause  a  reversal  of  current  in  the  armature, 
as  in  the  case-- ;>'.re;ulv  referred  to. 

In  taking  out  this  second  machine  the  dithculties  above  descnbed  must 
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be  borne  in  mind.  Tho  niachinc  haviiif,'  l'»'t"n  sluwoil  down  until  it  is 
supplying  no  current  to  the  busbars,  a  switch  at  c,  (not  shown  in  tiio 
fil^uic,  and  which  inifiht  bi'  automatic)  slioutd  1)C  ojienal,  disconnecting  the 
machine  from  the  +  busbar.  Tlie  couphn-  switch  z  can  I'cxt  lie  opened, 
removmg  tiie  current  from  the  series  coils;  thi-  <m\  W  do:iL'  >aftly,  for 
the  held  set  up  by  this  current,  whicli  is  the  regulatinj;  current,  will  not 
be  very  K'reat.  The  machine  can  then  be  stopped,  and  the  switches 
and  o|Hiu(l. 

A  more  detailed  diaj^rani  of  the  connections  for  joining  two  compound 
dynamfw  in  parallel  is  given  in  Fig.  406,*  issued  by  the  Crocker-Wheeli  r 
Comi)aiiy  as  instructi(ms  to  dynamo  users.  The  separate  conductor  con- 
taining the  switch  2  (Fig.  405)  is  represented  by  an  "  equaliser"  bar,  which 
is  placed  below  the  busbai-s  on  the  switchboard,  or  in  some  otlur 
more  convenient  jjosition.  The  diagram  (Fig.  40(1)  represents  two  com- 
pound machines  with  short-shunt  winding.  No.  l  being  an  eight-iK)le 
and  No.  1  a  six-pole  machine.  The  eight-iK)!e  machine  is  running,  and 
is  connecled  to  the  busbars  and  tlie  fcjualiser  by  the  triple  switch  s». 
To  bring  on  No.  z  it  is  tirst  to  Ik-  run  up  to  full  spe.>d  and  its  shunt- 
field  circuit  chjsed  by  the  nmltiple  contact  switch  F*.  which  is  to 
adjusted  until  the  voltage  across  the  brushes  is  one  per  cent,  higher 
than  the  busbar  !■.  n.  The  triple  >witcli  s-  is  tlien  to  be  closed,  and  the 
switch  F*  further  adjusted  until  No.  2  machine  takes  its  jiroper  share  of 
the  load.  The  reader  should  carefully  trace  out  the  connections  in  Fig.  400 
and  compare  them  with  the  simpler  diagram  of  Fig.  405,  when  they  will 
be  found  to  lx>  similar,  both  shunt  circuits  being  connected  to  the  brushes 
for  a  short-shunt  winding  ;  also  that  in  Fig.  40*)  the  regulating  switches  F 
and  the  equaliser  bar  and  its  connections  have  been  added. 

The  "  equaliser  bar  "  or  its  equivalent,  shown  in  Fig.  406,  has  long  since 
Ixcome  a  periiuiiient  feature  of  the  switching  arrangements  for  paialleling 
continuous  curreni  dynamos,  for  in  ino>t  cases  in  which  >uch  paralleling 
is  required  the  machines  are  con.pound  wound.  With,  however,  the 
div.rsity  of  jilaiit  whicli  may  sometimes  be  found  in  modern  generating 
stations  a  little  care  is  required  if  machines  of  diflerent  types  and  sizes 
are  paralleled  on  the  same  busbars  with  a  single  cqnalisir  bar  for  the 
whole.  Wlien  the  machines  are  running  with  the  triple  switches  shown 
in  Fig.  4o()  clost-d  for  each  machine,  it  is  obvious  that  the  same  p.  d.  is 
being  used  across  the  switchboard  terminals  of  each  series  coils.  Two 
cases  may  arise  (i)  where  all  the  machines  are  of  the  same  capacit\-,  and 
(2)  where  they  are  of  different  capacities. 

In  the  first  and  simplest  case,  if  all  the  machines  are  ot  the  same 
pattern,  lecjuiring  the  same  series  currents  for  compounding  purposes,  the 
resistances  of  all  the  series  coils  will  be  the  same,  and  each  machine  will 
*  Lent  by  Um:  General  Electric  Company  uf  London. 
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automatically  receive  the  requisite  cnrrfcting  current  as  tlie  luacl  rises  and 
falls,  {Vovided  the  resistance  uf  the  lead  from  the  brush  to  the  equaliM.-r 


l-.ar  is  siiffi.  i(  ntly  low.  The  matter  should  not,  howf  vcr.  he  left  to  chance 
but  the  equality  of  the  resistances,  when  hot,  between  busbar  brush 
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terminals  sUduW  be  ascertainid.  (or  the  resistances  of  the  leads  f..i 
machines  at  jlifferent  distances  may  seriously  npset  the  required  equality, 
even  it  till-  actiuil  ni.iK"«'ti''i>iK  i'"''^  •'(inal  rcsist.itia-. 

But  even  it  tlie  machines  are  of  the  same  capacity,  it  tlu  y  liapiK-ncd 
to  be  of  different  types  tlieir  series  coils  may  not  Ix-  all  ut  the  saiii. 
resistance  without  the  complication  of  different  lengths  of  leads.  For 
instanc",  if  some  of  the  machines  are  slow-speed  dynamos  and  some  turbo- 
dynamos,  the  series  coils  of  the  latter  will  Ih-  of  much  lower  resistance  than 
those  of  the  former,  and  it  will  be  necessary  to  introduce  into  the  busbar 
leads  of  the  turU)  dynamos  a  resistance  to  make  up  the  difference,  this 
r.  ^istaix  e  iH  iiiK.  of  course,  selected  of  suflkient  capacity  to  carry  the 
full  load  current. 

The  "  c(»mpound  rectifier "  in  the  left-hand  bottom  comer  of  each 
ilia-iain  in  V'\^.  40')  will  be  found  to  be  in  parallel  with  the  series  magnet 
coils,  a  device  used  by  the  Crocker-WTiecler  Company  to  improve  the 
regulatint,'  effect  of  the  series  coil.  Its  action  has  l)een  fully  explained  on 
page  179,  when  dealing  with  the  regulation  of  continuous  current  machines. 
For  details  of  the  various  switches,  automatic  and  other^v-ise,  employed  in 
the  above  operations,  the  reader  is  referred  to  a  subsequent  chapter. 

III.   (ii.) — ALTERNATE  CI  RRENT  BATTERIES 

The  question  of  couplinft  alternate  current  dynamos  or  alternators 
toyether  is  still  more  complicated.  It  is  at  once  evident  that  for  two 
alternators  to  run  together  they  must  either  have  the  same  frequency, 
i.e.  the  same  number  of  alternations  per  second,  or  that  the  frequency  of 
one  must  be  some  very  simple  multiple  of  the  frequency  of  the  other. 
Should  the  numbers  expressing  the  two  frequencies  be  incommensurable, 
or  bear  no  simple  relation  to  one  another,  then,  on  putting  the  machines 
into  circuit  with  each  other,  the  two  E.  M.  F.s  would  reach  their  successive 
maxima  at  different  intervals  of  time,  and  the  resultant  E.  M.  F.  produced 
by  aildiu^'  them  together  would  be  subject  to  violent  fluctuations,  leading 
to  serious  trouble.  In  practice,  the  first  case  cited  above— namely,  that 
in  which  the  frequencies  are  the  same— is  the  only  one  in  which  it  is 
attempted  to  run  two  or  more  alternators  on  the  same  circuit.  Still 
further,  in  most  cases  the  machines  have  not  only  their  frequcncira  equal, 
but  also  are  machines  of  identical  build  and  pattern,  though  this  latter 
condition  is  not  absolutely  essential,  and  machinra  of  different  types  have 
been  successfully  paralleled  in  modem  stations. 

But  even  supposing  the  machines  to  be  exactly  similar  and  to  be  run- 
ning at  ecpial  speeds,  so  th.at  the  frequencies  are  the  same,  there  may  still 
be  a  diffeicuce  between  them,  for  the  alternations  may  not  be  in  the  same 
phase  page  541.  Vol.  I.).  It  is  obvious  that  the  ordinary  distinction  of 
positive  and  negative  terminals,  which  holds  with  continuous  current 
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dynam«)«!.  iiol  api'lv  u>  .ilt.iiiiitoi-  -m..-  ,.uh  tnuiin.il  i>  aH.inatrlv 
ptsitivr  ami  m*Rati\v,  anti  <  luinijcs  its  y  ^<  \\  -< . .  nd         a-  x<\u\\ 

acain  as  tliric  an  <  oiiipli  tr  allrtiialiuns.  It  i>  tliciflnif  i  vult  til  tliat  it  the 
bni^lits  ,\.  ii  (Fit,'  4'7*)  '>t  ""c  iiuihini'  W  jninrd  liai'lia/ar.l  t.>  tin-  IhiisIips 
H,  //  nf  till'  iitlirl  ,  tlif  (  iiitlit  1' K iH  ill;;  -n|>lii)~nt  t..  !"■  niiiovnl,  it  lliav 
hapiK'H  that  thi-  maihiiu-s  an-  at  tho  inoiiu  iit  ciiIk  i  m  -«  ii<  -  ni  paLillt  l. 
or  in  some  othor  ijitcrmetliato  n-latiim  to  on*-  aimthtr.  I'ut  in>tan<f,  il 
at  111.'  tiiniiicnt  nf  jMiu  iii.ii  A  an.l  h  an'  simultaiu'.msly  at  thi-ir  maximum 

l)..siti\v  jv.t.  ntial,  and  th.  i.  I   and  ,/  at  ttu  ir  maximum  n.-cativo 

p>tential.  the  machines  aiv  c.iuiil.  ,1  in  mh.-  with  ..ii.'  aiioili.  i.  and  a  lull 
current  will  flow  round  tlw  circuit  A  u  b  a.  On  the  other  hand,  if  a  auil  u 
are  simtiltaneouslv  at  their  maximum  positive  potential  whilst  a  and  * 
an  at  th.  -a  iif  instant  at  thcii  •naximum  negative  potential,  the  machine* 
arc  in  paralkf,  anil  no 
current  can  flow  round 
thi-  circuit  A  H  h  <i. 
Hctwtcii  thtM'  two 
cases  all  kinds  of  in- 
termediate phase  rela- 
tions can  exist  in 
which  the  nun  hines 
are  never  either 
strictly  in  series  or 
strictly  in  parallel. 

The  pKibleni  of 
couplin.i;  the  alterna- 
tors to(^ethcr,  therefore. 


Fig.  407.— CiMplinf  of  Ali<inal«n 


tors  lOKeiuei ,  iiieiciwii.,  ,    ,  -    «      ,  1.. 

at  finit  siKht  l.M.ks  somewhat  too  complicated  for  solution,  Imt  .  .rttinateh 
,1,,  inf  ractions  of  the  two  n.arhines  are  such  as  to  conduce  to  mutua 
rcL'ulation.    Koth  matheinatuallv  and  exi,erinuntallv  it  can  W  shown  that 
if  bv  anv  accident  the  machines  happen  to  be  pla,  ed  m  -  ru  s  w.'.i  one 
anotlu  r.  then.  although  the  condition  is  one  of  equihb.iu.n.  tUat  eqnilibinmi 
,s  unstable     In  other  words,  it  is  such  a  state  of  equihl.num  that,  if  it  be 
disturbed  bv  the  Mi.'hte.t  eauM-,  the  mutnal  a.  t ions  and  reactions  do  no 
tend  to  restore  it.  but  tend  to  mtensily  the  diM.ula.ue  still  inrther.  It 
is  similar  to  the  case  of  an  esR  balanced  ...1  its  s.n.ill  .  nd.  which,  however 
p,,t,.et  the  balance  may  be.  it  it  be  once  chsturU-d,  cannot  W  restored 
by  the  gravitational  torcis  actm-  on  the  e^t:. 

The  explanation,  leaving  "ut  the  math,  matus,  is  a^  i.  ilows  :  s„,,p.,se 
the  machines  to  b.-  running  at  a  particular  tune  in  >eries  and  m  perlec  t 
svnchronism  with  one  another  ;  sooner  or  later  some  sht-ht  cause,  such 
as  the  slip  of  a  b<'lt  or  soniethins  else  .  ,M.n.  .  t,  d  svaii  the  working. 
•  Taken  from  a  paper  by  Ut.  J^liu  liopkin»on. 
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Will  tliiuw  uiic  (it  tlicni  a  liltli:  IhIiiiuI  tli.-  oili.i  in  \>\\iv  •  ll  w-  .  i  • 
them  nut  of  step.  a<  it  wen-.  W  lu  n  this  liapix  ii>,  it  <  an  .  nwi. 
aItliiiiiL,'li  tlio  ft'ff'ctivi'  V.  M.  F.  Ls  diniinLslied  on  a<nHmt  ot  tin  j  iia.>c  tint*  r- 
,  ii'>  ami  thr  rurri-nt  in  the  cir.  iiit  Mihn  then  bv  <  iit  down.  Ih'^  buT'"^ 
iiiai  Imir  al  muf  Ikkmius  moi>'  lu  av  ilv  li>a  lid  (h.iii  llii-  ctlit  r,  an<l  tin  i< - 
(»)ri'  tiiitU  to  la\'  still  furthiT.  Al><)  thus  hi  avu  r  luailiiif^  })«  i>ists,  and  tluu- 
fon-  tfie  hit,'  (or  phaso-dilVrenrc)  sm-s  on  inirea<sinK  and  the  etli  i  tive  i:.  M.  F. 
ami  iMiit  nt  iliiiiiiii-.hin^'  thKH.^Ii  all  ilif  intmiwihatc  phas<-  h  laiiuns,  until 
till'  mai  Inms  an;  in  ilirw  llv  ni'ii<»it«'  phases  siinultam-uii-lv,  in  whidi 
(as<-  the  current  sinks  to  zero  and  they  are  really  in  parallel,  as  alreaily 
explaiuL'd. 

This  condition  is  atrain  one  of  i-qui!ibrium.  and  it  ran  l>r  shown  that 

if,  whilst  niniimi,'  in  iiarallrl,  nnr  nl  the  nun  inn.  -,  llirinich  .ni\  an  idcntal 
cause,  laf,'s  a  httli'  Ixhiiul  thf  utlui,  then  the  inntiial  at  lum--  and  ita  lions 
tend  to  brinK  it  back  into  step  aRain.  In  this  cjete  the  la^i^ing  machine, 
insttail  iif  lnr..niiii:'  iin.rf  tii  a\  ilv  loaded  than  tlir  nlher,  bwomes  more 
lif,'hlly  iiiailid.  ami  tlu  idoie  triul>  In  ratch  up  it>  ndipanion  airain.  Two 
similar  alternators  in  iiaralli  t,  ami  ninnini,'  at  the  -  n.r  ^])fnl,  an-  llit  n  - 
fore  in  stable  ei}uilibriuiu,  and  the  loinbination  i^  sell-reKuh'  ng.  in  tins 
case  l)oth  ends  of  the  wire  a  b  (Fip.  407)  .-arh  their  jxisitive  maximum 
simnil.incnn-lv  ami  at  tlu'  -ainr  tune  ttial  imlh  imk  <<i  a''  t<  acii  tin  11 
negative  niaxiiinim.  It  now  the  1  m  nit  v  i<  f>  !).■  aiKKd.  it  will  iliaw  i  inn  nis 
from  lx>th  macl'.ines,  which  are  elei  tricallv  in  paiallel  «>n  its  terminals  fp. 
Tiu'^e  St  ll-if  i^nlaliiif;  phenomena  of  similar  alternators  were  first  investi- 
^,mUi1  ami  |)ipinUd  out  by  Dr  John  llnpkinson  in  iiSS  ). 

Fidin  the  ai)ove  it  iiiii,'l  t  in-  limudit  tliat  tlir  ]  rcss  oi  ^Urowing  an 
ailditiimal  alternator  into  a  circuit  alreaily  .--upplied  with  alternate  currents 
from  other  machines  would  be  quite  simple  and  somewhat  sb  follows  ; — 
First  Hill  till'  altciiKitnr  that  lia-  Id  be  ■^witiiii-il  in  np  its  prnper  -]iti.!. 
and  excite  its  lield  ina^'nets  witli  tlie  proper  exciting  cuirent  ;  then,  wlun 
the  field  magnets  are  fully  excited,  simply  close  the  switchtss  which  place 
tiu'  aiinaliiic  of  the  alternator  on  to  the  mains.  In  practice,  however,  an 
adilitiDiial  piecantion  must  be  taken,  and  the  alternator  must  not  be 
switched  in  until  it  is  in  the  sdiiu-  /)/ii(v,  or  maiiy  so,  as  the  1  ts  in  the 
mains.  If  it  is  much  out  of  phase,  or,  as  it  is  usually  expresseii.  ..  .t  tn  .s/c/) 
when  switched  in,  then,  although  it  would  eventually  get  into  step  bv  means 
of  tt ',' elecn  ii  al  actions  ami  n 'art inns  ,ihea<lv  ilt-i  ribi-'i  \  et,  tl.  1  mr  -he  time 
that  this  adjustment  is  taking;  place,  violent  thutuatinns  of  ii:  nt  may 
arise  which  may  cause  serious  trouble.  But  with  rapid  alteniatii-ns  a 
verv  small  difference  in  the  time  at  which  the  E.  M.  F.  of  the  machine 
nailns  its  maximum  will  proihuc  a  i;reat  difference  in  the  ph^e.  F~;r 
suppose  the  frequency  of  the  alternations  to  be  100  \>cr  M'tnml.  then,  if  -Iw 
maximum  is  reached  .oua^^      *  second  too  soon  or  too  late,  the  pliase 


will  h«*  wrnni:  l>v  ,'„th  of  a  full  ix-ii.hI  -.vhirh  w   iM  u   i  M-rion 
I'.iit  >iii  li  a      ill  iiitri \  ,il  "•{  tiuH' <nii     not  Ih-i'1>^'1\  iilm'it'' 
llif  iu'(i'>slt\    loi    /'/;  '      nhiiil'r-..  <.i     ■  >■, Ari  i  i  .  >a 
they  iirr  railed,  wlii'  i.  l"in,'  .■iimi'iti      U'lli  (■•  tl 
tin'  altt'imtiit  nut  yot  >\vitilif(l  into  nn  mt,  show 
inDmpnt  when  tlic  phasi-s  arc  prarficath  'In-  ,'r, 
lAtia  .iltiii  ii^pi  1  .in  In-  '•alclv  ihl.iwil    I-  1! 
-.howii  hiti  T,  lui  tlu  i  pil  l  .iiitioii-.  ii'-'-t  U'       ■  i>  wii* 
ohall  fherfforc  next  <lesnil)e  tbe  ,ittnripl.  umU-rl' 
-(imc  i  f,  tln-sf  iM>ti niii'iit- 
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and  d Is lo nil 01' toil  troni  the  synihroiii>. 
2  is  liist  to  1)0  run  np  a-  marly  as 
.iiid    Its    IliliK    lUiiliflK    <-.i'id.  Till' 
■    .11     till-  switih  s'.^  plaiid  on  stud        In  this 
ii!       are  in  oi)p<)site  phasi-  (i.e.  /, -|- anil 
.1^        in  si'iii's  tliiiiU!,'h  the  biisliats  ;iiiil  the  lamp 
in  tho  sanif  phaso  (i.o.  /,  -J-  .m  l     -|-  hmhiI- 
xiallel.  and  tho  switch  s'._.  i.m  1"  iImiiuhI  i  v.  r 
lain])  I.  whith  is  siipposod  to  K-  ot  suitable 
„  n  tho  In-t  l  aso,  U  iiil;  i  ni  i^'isod  with  double 

•';ier  111        1',  and  In  maiK  daik  in  tin-  ^cioinl  i.i-r,  -uko 
I'j  anil  ilio  lower  busbar  aio  then  idintu.il.     Iho  bi>t 
d  of  applying  the  test  is  to  commence  with  2  running  a 


to 
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l.ttl.-  (on  MuNv.  Imt  with  ils  sixMd  increa^nf!  hy  .lof{m'S.  As  .1  appr-a.  l,cs  the 
svmluon..n.  mhcI  tl,.'  lanq.  .  b.  f^'i-is  t„  tl,rk,->  pon  qUibly,  the  puLsations 
graduallv  gft  sluwei.  an.l  wh.n  \Wu  ^>  about  three  or  four  sernnds 

the  switch  s',  is  put  over  at  tho  moment  of  mwwum  bii^'l.tiuss.  I  nU>s 
flu-  pulsation  i..  rio,l  is  via  lon.i,'  the  lamp  .Ur's  nut  go  quite  black,  Ix-cause 
of  the  lilanRnt  t^lowin^  lo.  an  ai-preciable  time  after  the  current  has 

ceased.  ,         ,  .       .,  , 

If  the  swit.h  is  thrown  over  at  the  right  moment,  tlie  ma.hincs,  thoUKh 
not  run  ii;'  with  aljsolutc  synchronism,  will  fall  into  step  becaiLse  of  the 
reL'ulatini!  a.  tmn  aliva.lv  iH.  r.ril  to,  au.l  tl,<  ie  will  W  no  heavy  equal- 
isins  currents,  lor  at  the  moment  <.(  switc  hn.K  m  2  they  were  almost  exactly 
in  phase.    A  little  care  and  practice  are.  however,  necessary  to  hit  olf 

this  moment  success- 
fully. Instead  of  a 
lamp  a  liot-wiic  volt- 
nictir  may  Ix-  uscd, 
to  show  when  the 
brushes  /',  and  t\  arc 
at  the  same  jxitential. 

With  hii;li-:"!tii!;r 
ttiticliiufs    it    is  ob- 
viously not  possible 
to  use  a  lamp  in  this 
wa\  ,  because  tli'  lamp, 
could  not  stand  the 
pressure.    Of  coui^c, 
a  nnmlxT  of  lamps  in 
series  could  replace  the  single  lami^  but  the  anan^'ement  Inomus  nim- 
ZZ  'vh.n  thousands  of  volts  have  to  be  dealt  w.th.    Instea.l.  especially 
S  sta Uonary  a.  na.ui.  s,  a  snv.le  coil  on  each  machme  may  be  connected 
Th   URh  pro,Jr  switches  to  sm.  hiouis.ii.'  busbais  pnnuled  with  a  phase- 
i^.L^  H.nP  as  in  Fit,'.  40S.    When  the  lam,,  shows  that  the  machines 
Z^tZ^Z  s..cy.r^^y,  the  mam  s.-t.^ics  putting 

the  in.  .i..,  n.'  nu.chine  on  to  the  main  busbars  are  to  U-  closed. 

(  he    nutluKls  .lepend  upon  the  use  of  step-down  trans  ormers,  by 
which  the  hiRh  voltau-e  mav  be  reduc.-d  to  a  p.essvne  convenient   or  a  ,low 
Tamp  to  be  used  a^  an  in.li.ator.    For  nistance,  w.th   ugh  vo  ta^.s  the 
am      of  Fi..  4'.^         be  replaced  by  the  fme  wire  coil  o  such  a  trans- 
Ser  with  the  lamp  placed  in  its  second,.,  v  -  nnut,  whuh  woul.l  h- 
md  as  to  .ive  the  maximum  voltage  the  lamp  can  .  ike  vs  ,,11  the 
:  te        -  a.e  m^eries.    The  phenomena  alrea.ly  dc^nibed  wil  In-  ol.en  e<h 
^dThe  proper  moment  for    itching  on  with  the  machmes  m  phase  similarly 
indicated. 


r«  4o»-Conn«:li..-»  for  Sv-.>.hroniMn,.  lli«h.Vul.as=  Al.crn.,.or. 
rig.  «™*    ^  ^5„p  ■rriliiif..riu<T. 
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L-  so  ciuu-ctecl  to  the  basbar.  and  the  terminals  of    .  that       "  " 

XC  ur  ents  will  be  equal  if  the  voltages  hav.-  W.u  a.l,u..ol,  - 
.      ,  .rf,>,t^  will  caiKcl  .me  another,  and  thiiv  will         i'"  ""^ 

;s;ir'r:  »'  ■ 

this  period,  therefore,  -i^^-^^^^- 

tho  lamp  I-  will  receive 
ni>  rurront,  and  will 
cithei  be  >l»iti^  •l-*'''^ 
or  be   glowing  only 
dimly.    As  before,  it 
is   at    tliis  moment, 
when    the  pulsations 
are  long  and  the  lamp 
is   at    its  minimum 
l)iif,'htne-s    that  the 
main  switi  h  m  is  to  he 
closed  and  the  machine 
B  thrown  on  to  the 
biisbai 


■000' 

Si 

rig.  «">■    ^  ^^ji^  .j^  _  Itjiisf.iiimt,. 


Tone  of  the  loaded  alternators  in  circu.t  w.th 

much  more  irequentlv  used,  fui  it  <hsi>uises 
.,li.  ition  of  the  spe(  ial  leads  to  one  ot  the  coils. 

'    c  i    luther  method  consists  in  nsin,  /tco  '-.«s/.."'-  v^.tl.  th 

n  ,n,l  p  (l-i-  41")  resiHctivelv  in  circmt  with  the  Inishais 
''TthrtSm  1  of  the  nClnnn  n.a.hine  «.  and  their  .econ<lanes  s. 
r]  s  in  serL  w  h  one  another  and  .,.h  the  .viuluon,  ,,,.  lam,.  L. 
Thes^ndlS^c^  be  so  jomcd  that  cither  (.)  there  .  no  cunent  a.  their 
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circuit  wl,rn  B  is  in  pirns,  witl,  tl.r  l,usl.a,>.  -r  (/-)  ll.oro  is  a  maximum 
crr.  nt  in  ll.is  circuit  wheu  the  phases  coincide.  Tl.c  m.umnt  for  sxv.t.h- 
i„o  on  will  Ik-  when  the  lamp  is  dimmest  in  case  («)  and  when  the  ]ami> 
is  lMit;li(,st  in  c;ise  (//).  I'  itluT  of  these  cases  can  also  be  arranged  lor 
with  the  connections  shown  in  409. 

For  sv-nchronisinR  purjx^es  an  under-run  low  candle-power  carKm 
f,latn<M.t  lamp  is  better  than  a  hi^h  candle-power  one,  as  the  lag  of  the 
candle-power  Ix  l.in.l  the  voltage  increases  with  the  candle-power  of  the  lamp, 
and  also  the  eve  can  more  readily  estimate  cl.an«i-s  of  briKl.lness  if  it  1h. 
not  -l.i/.led  and  fatigued  periodically  by  a  brilliantly  glownif;  filament. 
W  itl.  a  ni.  tallic  filament  lamp  the  lag  is  much  less,  and  if  such  a  lamp  \^ 
us,.,l  the  peiio.1  of  minimum  brightness  when  near  synchronism  may  be 
,..,,la<  e.l  by  a  longer  or  shorter  jK-riod  of  absolute  blackness  If  this 
),ap,Hns  the  arrangement  (ft)  above  referred  to  should  Ix;  emploxeil,  f..r 
with  It  the  moment  for  switching  on  can  be  more  exactly  estimated.  To 
mininuse  jxissible  erroi-s  eitlu  r  in  place  of  the  lamp  or  in  conjunction  wnth 
it  a  svnichronising  voltmeter  v  is  tie<inentlv  used,  as  shown  111  l-.g.  41"- 
Tlie  voltmeter  must  be  dead-beat,  and  one  of  the  hot-wire  t\  ix.>s  is  xer> 
often  employed.  It  is  true  that  in  such  a  voltmeter  there  is  a  certain 
amount  <.f  lat,'.  but  this  Iuls  Ix-en  found  to  be  'ess  objectionable  than  the 
inertia  of  the  moving  parts  of  most  -if  the  usual  voltmetei-s.  The  iK-nod 
for  switching  should  be  arranged  to  be  when  the  index  is  at  its  maximum 

'  ^^Tlie  synchrosro|xs  or  phase  indicators  so  far  described  have  been  for 
single-phase  currents,  but  can  be  used  f..r  polxphase  currents  if  they  are 
placed  on  one  of  the  phases  cmly.    For,  if  one  phase  in  each  machine  be 
in  st(>p  the  other  phases  must  be  so  likewise,  because  they  are  ngidly 
connected  inside  the  nia.hiivs.  and  cannot  chaiifje  their  phase  relations, 
though,  as  will  be  shown  later,  the  order  in  which  the  phases  follow  one 
another  must  also  be  watched.   The  above  sv  ik  hrosc..ix>s,  however,  have 
a  serious  defect  in  common -namely,  that  they  do  not  convey  directly 
any  information  as  to  whetiier  the  incoming  machine  is  running  a  little 
tiM,  fast  or  a  little  too  slow,  and  it  is  far  better  to  switch  on  111  the 
latt.'r  tlian  in  th<-  former  case.    To  get  over  this  difficulty  it  is  noted  (,s<y 
pa-  '  ViS)  tluit  th.'  .Nixriment  is  best  started  with  the  incoming  machine 
purposclv  ruunini,'  too  slow  and  Ix'ing  speeded  up. 

It  would,  however,  obviously  be  much  better  to  ha.c  an  arran|;enient 
which,  besides  showing  when  the  phases  coincide,  would  also  f;ive  the  addi- 
tional information  lefene.l  to.  Scneral  such  devices  have  been  designed  for 
three-phase  alternatoi><.  ami  I'lf,'.  4"  ^1"^^  diagrammatically  a  methwl 
used  for  many  years  bv  Messrs.  Siemens  and  Halske.  Three  alternatoi^, 
I.,  n.,  and  HI.,  "  star"-wr.iml  for  three-phase  currents,  are  indicated 
at  the  bottom  of  the  tigure,  but  to  avoid  confusitm  only  one  (No.  I.)  is 
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^  I,  1,.  ami  I:,  .uranKid  muiui  a  inui,  a.... 
Lamp  I.,  and  voltmeter  \\  are  placed  in  parallel  across 


.l,ovm  connccfod  to  the  inultii-l.-  contact  throc-phase  sNvitchcs  A  and  ». 
i^oSs  ..f  tin-  unutlcd  connc.u.ns,  huwcvcr,  an-  cUarlv  mduated 
,    co^Sing  letter,  on  the  stnds  .1  tl„  .witch.,  .uul  a.  ,h-  alu  ,na  ... 
,~k*   stncl.  are  supposed  to  U-  connvcd  .0        Im.  a,,  u... 

i^::;;;;:- ! : Jv.  aU«.  -a  a  a...  t.o  ..u- 

meters  V,  and  Vj. 
f|,f  ,(  ciicular  arcs 
ot  the  switches  A 
and  B.  Lamp  l, 
i-  (  onm  ctcd  to  the 
I,  arc  of  A  and  the 
f  arc  of  B,  whilst 

lainp  1 3  is  j"'"^ 
(,,  the  c  arc  of  v 
and  the  l>  arc 
p.  Finally,  volt- 
meter Vj  is  placed 
ai  ni-s  the  .(  and  b 
arcs  ol  switcl;  n. 

Suppose,  now, 
that   the  husbai-s 
aic    already  sup- 
plied with  c\irrent 
1  r  o  m  other 
machines,  and  it 
i>  recpiired  to  hrini; 
m  alternator  No.  i. 
Switch  A  is  left  as 
vliown,   with  its 
aims  <m  the  bus- 
bar studs,  but  swit.  h  n  is  turned  on  t( 


AU^rtAbor  r.  ALtetriciCor.n 

Fig.  4ll.-Slfti.-nK  an.l  U..I-V'  Svn.  hr..M:..p<:  f  t  11..-- 


A!if  riiatore. 


abo^a,ndit.ons  ..n. 

svuchronottsly.     In  this  ta.-«t    im        i  ,         j  ,,„. 

n 


ElFXTRICITY  lit  THK  SSKIICB  OF  MaV 

Slum's  at  once  whether  the  inominf,  machine  «  runninR  tcK,  slowly  or  too 

''"tMhe  sp-ed  of  the  incoming  machine  more  an.l  -•'7-'-'^  ^P^J^^ 

svn.  .ronism"^  the  extinctions  travel  more  and  more  ^•«- 

and  the  main  switches  throwing  the  alternator  No.  1.  on  to  'h    busua  1. 

Falls  Power  (Ompanv  are  slKAvn  ni  1  IK-  41-  '  ./ '  <  i„„i«,r« 

J^e.  and  ia  thi  lower  part  of  the  tigurc  there  are  two  sets  of  busbars 


SynchfWWWj  But 


Dynamo  ^ 

(9^ 


V  M 

n 


Syneiwenix*' 


U 


mm 


h  Bu>B>f 


V  M. 
Convart-C 


Fig.  4.*  "'^ 

Con«cti<msof  •.yn.hr.«op.  u««l  by  .hn  Nias.ra  Kalts  r„.cr  (  nn,,  

T  and  11  on.  set  for  each  of  the  two  phases.  The  synchronisint,'  busbar^  are 
Lrin  two  parts,  one  on  the  rifiht  for  the  main  bnsban..  to  either  of  which  .t 
connected  through  the  secondaries  ..f  the  voltmeter  t-sf,.™ 
^nmerl.Ts  V  M  bv  inserting  a  plug  .n  the  corres,K.mhng  lea.l  Hie  othe 
f  r  connection  to  the  phase  of  the  incominR  dynamo  which  it  ,s  desired 
r  -;;?one  of'the  busbars.     This  connection  IS  also  made 

throuL'h  a  step-down  voltmeter  transformer  by  inserting  a  plug. 

Tl^  s^^chroscope  has  four  terminals,  which  are  coniuCed,  as  shown 
.    V^W^^  Zi^  oiiW  busbars.    It  is  a  single-phase  b.ix.lar  induction 
wl  na  'e  . .    Vol.  I.),  and  is  shown  diagrammatically  in  Fig.  413.  The 

,tator  Y  is  ^  '~         ^        .  to  „ue  ot  the  station  busbars 

„  nic.g.se.l  a  split-i.l,ase  n.tor.  huMUg  two  cuils 

as  shown  m  l.g.  4    ■    /  ^  7;,,';,,,,,  „  ..ne  another.    These  coils  receive 

r.  anil  H  dnilU  woUIKl  ai  111,111  .tii.^n.  .  .       j       „_  TK« 

cJ^t  through  the  shp  nng.  kkk  from  the  mcommg  dynamo.  The 
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\\f,.  414:  Hu-i... 
chrm<.*»|H:. 


mi(MI''  rinc;  is  rnnnrrtfd  to  tlir  ((iniinon  juncli'in  pnint  "f  tlio  roik  and 
(me  Ifad,  wliiKt  the  other  eii(l>  aic  (  onnected  to  the  oili.  i  li  .1  1.  on,-  l!iroiii;h 
an  inductive  resistance  K,  and  the  otlier  thronyh  a  iioii  i;idii.  live  n>i'-t- 
,m(e  I..     Hv  properly  propt)rtioning  the  intUutame  and  reM>tanic  of  k 
.iiid  I  the  currents  in  G  and  H  arc  made  equal  in  niacnitude,  but  differinR 
Ml  pha^^e  1)V  a  quarter-pi  riod.    Thnefoiv,  it  tlir  iot..i  1k'  lu  ld  lix.  d,  IIicm- 
lurrcnts  produce  the  usual  rolatin;;  lield,  whiKt  llie  held  ot  tiie  >tat.'r  is 
a  simple  alternate  field.    If  the  sources  supplyinf?  cur- 
ivnts  to  the  stator  and  rotor  are  in  alKolute  syn- 
i  hronisni  and  comcide  in  pha-e,  the  medianical  forces 
produced  by  the  inteia(  tioii  of  tlie  niaRnetic  fields  will 
Ih-  balanced,  and  the  rotor  will  come  to  rest  with  the 
lieUl  of  H  coinciding  with  the  field  of  the  stator. 
.\nother  jiosition  of  rest  will  be  found  i^o   fn'in  the 
hrst  position,  when  the  sjTichronisni  is  jK-rfect  and  the 
phases  are  opposite.    If.  however,  tnc  sources  aiv  m  .u  ly 
but  n  t  (luite  svnchronous,  the  rotor  will  rotate  .>lowly, 
and  at  a  rate  nearlv  equal  to  the  difference  of  the-  frequencies,  .  ilher 
clockwise  or  counter-clockwise,  a.  cording  a>   the   in.  ommt;   ma.  hiu.-  is 
la^iging  or  leading.    An  indicator  moving  over  a  dial  is  atta.  lu  d  to  tlie 
sliaft  of  the  rotor,  and  is  fixed  to  stand  upri^'ht  when  the  phases  cm.  ide. 
The  nieaninf,'  of  the  two  diicrti.Mis  of  rotati..n  i>  al>.i  .leaily  marked  on 
the  dial,  and  the  incoming  machine  is  to  W  a.ljiMe.l  until  the  i!idi<  ator  is 
rotating  quite  slowly,  and  is  to  be  swit.  lie.l  on  to  the  main  l)ii~l.ais  l-v 

^   the  switches  shown  in  the  lowei  part  ol  I'l^.  412.  wlien 

^  the  in.lii  ator  is  vertical  and  pa-.>in«  through  the  zenj 

position. 

A  motor  synchntscojn;  w.is  de>igni><l  indeiK'ndently 
by  Messrs.  Everett  Edgcumbe  an<i  Co.,  of  Lomkm.  In 
a  recent  f.tnn  of  this  in-ti iimtnt  (l-it;.  417)  stator 
is  supplied  with  a  single-pliase  (iiiivnt  lioni  the  l>u-hars, 
as  shown  in  Fig.  414.  where  r  is  a  reMstaiio  and  >.w. 
the  state,    winding.    The  rotor  is  supplied  with  two- 
,.haM'  currents  from  a  single  j.hase  of  the  incoming 
machine,  the  two-phase  current^  b  in^  ol.taiiu-.l  l-v  ph  -M-^plmmi;  th,-  -m;;le 
pha<e.  as  .liown  in  Fig.  415.    The  coils  k.w.  (Fig.  415)     <>'^'  r">"'  nig. 
at  right  angles  to  one  another,  are  in  paralbl  on  the  leads  from  the  n.achme 
M    but  one  of  these  coils  h.is  in  series  with  it       n.-n-mductive  amp 
resistance  L,  whiUt  the  other  has  a  choking  ...il  (  .( .  m  >en->  with  it. 
The  currents  in  the  second  coil,  therefore,  lag  luluiul  tl,.  .  nti.  iit>  in  tlie 
hist,  an.l  til.'  two  give  a  rotating  li'ld,  as  in  the  rotor  of  the  Niagara 
synchroscoiK-  descrilied  al«.ve.    The  instrument  is  wound  for  loo  volts, 
and  therefore,  for  high-voltage  synchronising  smaU  stepniown  transformers 


OC  C.  }[^^L 


Fia-  4 1 S-  —  Altef  natorCim- 
n<H  ti.>reioCSyiu.hroscopr. 


Rr.F.cTnKiTV  iir  the  Sekvick  of  Mait 
J   „e   .».,>v.n  in  FiL'   sif^.    As  only  about  one  ampere  is 

r°r,li„,rv  sv,.cl,™i,in|,  lamp  can,  «  teircd,      placed  ac,..~  .1..  1." 
e/iiirrrs  o£  currtnt,  as  shown  in  the  figure. 
"■"S  I.  .ha.  oi  «.e  Niagara  „„chr»c„,».^ 

\Aiwmatep  Imi'imiil'.  iIh'  ri>tnr 
'  2000  V      ''^^^  ,  ^  ,  , 

which  IS  i()nnc(  tilt 

Transform*  to    it    will  mOVC 


But 

B*rt  2000  V. 

Syfl. 
Lamp 


HiBh  Voltaxe  Cinirrtinn,  ..f  Motor  Synthrov-ope. 


in  one  direc- 
tion .mil  will  ro- 
tate in  tlic  reverse 
direction  ii  the  in- 
rominpmarhinc  \v 
.hown  HI  V\\i.  417. 


FiK.  4>'- 

lini,.  t.wi  fast    The  front  of  the  instrunH  iit  1- 

for  this  needle  to  lie  vertical 
whenever  the  phases  coin- 
cide, and  it  is  then  a  matter 
of  iiiditferenre  which  end  of 
tlie  needle  is  ui'iurmost.  It 
is  when  the  needle  is  in  the 
vertical  ix)sition  and  rotat- 
ing; quite  slowly  that  the 
inroniin;;  machine  is  to  be 

thrown  in.  ^' 
The  dark  disc  in  Fig.  4> 7 

may  ajiiK-ar  illuminated  with 

either  {;rcen  or  red  liRht 

It  ki  in  iront  of  ,i  l.mip 

brttM«n  which  and  it  one  or 

o«her  "f  two  coWcd  glasses 

csai   1"    iiit(ri><>-ed.  When 

the  needle  is  rotaunp  ch>ck- 

wise  the  red  glass  is  shown, 
whilst  {i>r  the  opposite  rota- 
tion the  f;n^en  glass  appears 


It  is  tb«*  ^.te  easy  to  ^e  trom  a  distance 

whether  the  .ncomm.  nuu  Inne  is  ru«^.^  ^S^^e'^uhrosco.v  the 
In  a  tnore  recent  develop.nent  of  the  Evere«  ErtRC«m      y  ^^^^^^^^^ 
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whii  li  t.ik>-  tin-  i>l.i(  c  of  111"'  --Litoi  III  ilif  ^yii.  liroM-.>|H-  jii-t  ,1,'mi ilx'il.  Tlie 
comu-ctioiis  uio  as  s]um\\  in  I'l.u.  4>-.  ii< .•  1h1\\.  ,  ii  iIi.-m-  ami  the 

other  connections  IninR  tli at  ilu-     f  or  is  now  shown  as  rfc»?ivinK  at  BB  a 
-Miul<  -pli'»^i"  nirrcut  (roni  tlic  hushars.antl 
ttir  hxcil  coil  which  tak«  s  tlif  i>lace  of  the 
rotor  is  shown  as  ri'ct  iviiii,'  at  m  a  siiij^if- 
]  .liase  current  from  the  incoming  machinf. 

riic  difference,  however,  is  immaterial, 

.1-  tlif  i>ha-f  ot   till'  ^latiM-  iiitiriit  1- 

split  lor  the  proiUiiium  ol  a  loiii-i«>l.- 

rotating  field,  one  |*ase  lieing  tak.  11  by 

thr  coils  w,  W.S  and  the  non-inductive 

i.si>iaiuf,  and' the  other  by  the  coils 

w,  W(  and  the  inductive  na«  taiuf  or 

choking  coil  c  C.    The  coils  w,  ami  w, 

are  so  connected  that  their  fields  coin- 
cide, jntidiiciM!,'  a  vcrlii  al  ticld  tlirou|,'h 

the   space    occupied    by    the  ciiitral 

...  . 


W- 


coil.    Similarly  thc^  coils  Wa  and 

produce  a  horizontal,  but  lagging  field.    None  of  the  cods  has  any  mmi  coie. 
A  vertical  diagrammatic  sectitm  of  the  instrument  is  shown  m  l-is;.  414. 

t  lioiii  wliiili  ii  wiU  l>e 

sct  u  that  tilt  ~c  >tator 
eoils  are  wide  -  ojH'n 
rectangular  ioil>.  the 
return  paths  of  wtiosi- 

llMUlll'tii-   I  ill  Ult-A  .IK' 

tliiough  the  an  ,  \Mlii 
larue  leakai;<'  pitli-- 
l.a--in'4  tlirou^li  both 
cuds  of  the  central 
stationary  coil  wl.ose 
axis  is  at  right  angles 
to  theirs.  The  rota- 
ting part  (on-ist-'  <■! 
two  sei  tor  -  shaiK'd 
pieces  of  goo«l  mag- 
nt'tic  iron  z  z,  one 
at  eithei  end  <if  the 
axle,  set  i8<i°  apart. 


6  - 

^  \\ 

\           1 1  ^ 

W3 


rw  4i4.-V«rtlc»l  Diagram  of  Ev<t<ti,  Mecomb*  &  Co. .  SyiKhro..f..i>e 
*  '  *  whh  no  Slip  Ktogs. 

„,;,t   is   on   op,.>site  Md.s  of   the   axle.     Tluir   iK,sitions  are  nK>re 
ily  imlicatJd  in  Fig.  4^0.  -hich  shows  a  lKunz..ntal  cro^^tKm 
through  the  axle  u.d  in  which  w,      are  two  of  the  stator  cods,  k  th« 


r.LEcnuciry  m  thk  SsKy/cs  or  Mak 

r.,ior  c. .u.v^  >latu..a.  V.  m,!  /  /  H.o  sectors,  ono  in  fr.mt  of.  and  the  other 

•^S:  It^'Tu^'c^rrent  in  the  cUs  .  to  p-...iuce  a  rotating 

..J  and  over  the  s^tors  which,  if  it  w.e  -  -  ^  ^^^^li 

planes  round  the  horizontal 

axis  of  tlic  iiiitral  coil. 
The  unsyinnittiiial  jx'M- 
tions  of  the  two  niaKiuti* 
s.rtors.  however,  twists 
tliis  ti.  ;.l  from  these  planes 
ill  wliirii  it  would  l>e 
simply  at  right  angles  to 
the  field  of  R,  and  gives  it 
a  skfw  aint  tion,  in  which 
it  sweei)s  through  and 
over   the   sectors,  which 

Fig.  4M.-Hori.onul  CroK-Scction  of  Synchros... I-:.  .jj   ,i,gre{ore    tend   tO  bc 

dragged  round  as  is  the  magnet  in  Fig.  SS**.  Vol.  I-  t-r  these  sectors  may  ^ 
Sed  as  independently  magnetised  by  .he  curre,Us  .n  «•  J>-  ^n^ 
Ml^.s..  ,  vn  r.  nt  in  K  on  the  other  hand,  though  it  will  pump  an  oscil  atmg 
iielT ti;;:;;;;  over  t,.  sectors,  will  not  tend  by  itself  to  rotate  them, 
if  everything  is  symmetrical,  as  it 
is  hxcil  in  ix)silitin. 

We   tluis  have  (i.)  a  rotating 
field  due  to  the  coils  w  sweeping 

through  and  about   the  sectors; 

(ii.)  an  oscillating  field,  radially 

outwards    (or    inwards)  passing 

through  the  sectors  ;  and  (lii.)  the 

pivoted  system,  including  the  mag- 
netic sectors,  free  to  rotate  under 

the  forces  due  to  the  interaction 

of  these  fields  and  the  magnetic 

rtux  of  the  sect»)rs,  due  to  their 

jjosition  in  these  fields.    If  the 

mutmd  effects  of  these  fields  are 

examined  as  suiK-rimp'sed  t«)th  m 

time  and  space,  it  will  ^fTZ^  more  nearly  coincide  m  its  time  of 

fieW  Tf^R  »  tt  onSnal  single-phasc  currents  are  in 
niaxMHuni  with  the  f^cld  o    R  i    he     ^  ^^.^  ^^^^       ^^^^  ^.^^^^ 

t  vi's  at  I  — ^  -  current  in  H  will  1.  nearly,  if  not 


*  *^  with  no  Shp  R>ug«- 


The  FsKKAXTt  SyycnK>^sa^rK 


(jiiitc.  Cdii^.  nm-ntly, 

wlifu  tlif  <>iit;iii.il  lUiivnts 
arc  in  phast-  tlic  xitoi-^ 
will  he  hfUl  nuist  .-tronnly 
in  the  horizontal  jiosition 
with  thv  m<  tllf  vi  rtu  al.  Il 
tiif  (iri^'inal  currents  an- 
-lifihtly  out  of  phas.-  thf 
Mvtors   will   l>e  draKfii-.l 
r.mnd  <  loi  kwix-  or  counter 
rlockwiM',  ai  curding'  to  the 
(Unction    of    the  phasi' 
.liftcronce,  and  thus  the 
nil.s  lor  nsint,'  the  syn- 
chroniser will  iHi  the  same 
as  in  the  preceding  cases. 
I  he  i  xternal  apin-arance  of 
the  iustrui.H'nt  is  depicted 

ill  Viil.  A"- 

In  the  rotary  synchro- 
..cope  of  Messrs.  Ferranti 


J  ig.  4a«.-CiicuU.  of  ihc  tVr.i.aii  Syi.Lhiov:oi* 


nf  Messrs    rerram..  Limited,  both  statu,   .r,  l  mtnr  have  lami- 
"7  I  In  CO   s  triTte  b.ing  mounted  o„  a  .-iron,  spu.dle  nunnn,  m 
.a  non  <'"'^'  -  '  "  \  3,  in  ^ome  of  the  ni>t.u.nents 

ball  U>anng>.    Hi  the  use  ^^^^.^  ^^.^  .-...crilx  d.  the  worku>g  forces 

are  much  Kveatev.  and  there  is  les5 
possibihty  o(  sticking  ^»id  of  wioii^ 
indications.    The  connections  of  ti.e 
Ferranti  synchroscope  are  given  in 
Fig.  422.  in  which  it  will  Ih'  seen  that 
there  is  a  single-phase  curn  nt  in  the 
stator  coils  s  s.  taken  from  the  l)u^bals 
throuRh  the  terminals  I  and  2  at  b  B. 
The  current   is  introduced    into  the 
rotor  from  the  tenninaK  i  and  4  iit  M. 
through  three  sUp  rings;  the  rotor  has 
a  two-phase  winding,  the  two  parts  .)f 
which  are  in  patallel,  on.-  through  the 
rhokmg  coil  c,  and  the  other  through 
thft  practically  non-inductive  lamp  re- 
si-taii  e  I.,  which  may  be  used  to 
illamiiKUe  a  dial,  as  in  the  synchro- 
scope  shown  m  I'lK  4i7-  'l"'"'  i<'t''""R 
  field  o£  the  rotor  interacts  with  the 

Fij,  4tj.— FonMi  Hoftint  SynchiMeop* 
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a1t.  rnatinK  fu  UI,  fix.d  in  space.  ..I  the  statur  in  the  manner  already  explaim-d. 
aiul  willi  similar  tfMiIts.  . 

The  .  xtriM.i-  oi  XW  in>li.inunt  is  shown  in  Fit'.  4-.!.  ««1h  a  synchro- 
nisine  lamp  addcl.  Its  c.nn.itions  tc  twu  tvpu.il  InO.  l"- t'"'^- 
phase  sv>tr,ns  an-  ^iv.-u  i»  I'ik^.  4^4  4^5-  1»  ^'"""'"^^ 
«l  ami  ..^  ar.-  -iuwii  syiichronise<l  wth  the  busbar*.    The  bu>b.ir>  ai. 

^  coiuud.d  to  thv  K  it-hand 

i  LAMP 

tciinnial-  (i,  2,  <>1  Fif,'. 
42^)  of  tlic  svnilnti^*"!"- 
througli    the  pottnlial 
transformer  whose 
pranaiy  i'^  biidKfd  across 
tlie  two  uj>i«i  busbars, 
and  its  secondary  con- 
nected to  the  terminals 
nainiil,  with   the  left- 
hand,  or   busbar,  volt- 
meter in  parallel. 
Another  potential  trans- 
forinor     lias  its  primary 
inserted  across  two  ol  tlie 
mains  from  the  generator 
between    the  generator 
and  its  main  switch  m- 
The   secondary  is  con- 
nected to  tlif  "  synchron- 
isinR  lead"  through  a 
phii;  switch,  and  to  the 
"common   eartli  lead" 
direct ;  the    two  leads 
named  are  connected  to 
-QZ'  the  right-h.iud  terminals 

rif.4a4.-ConitmkmrfS)nchroKO|i.«wSyncluoni»iiiiwBh  Bittlwn.     j  ^    ^  „f  42-')  of  tlif 

svnchro-,rop..  with  the  "  machine  "  voltmeter  in  paraUel.  With  tlie  pluj; 
switches  iK.th  clos.-d  and  the  .naiu  switch  M  open,  the  generator  is  m  the 
nosition  for  synchronising  with  the  busbars. 

Tin.  second  svnchroscope  S2.  is  introduced  into  the  diagram  nu  rcK  to 
show  an  alternative  method  ot  joining  up  the  synchromsmg  lamp.  In  si 
this  lamp  is  placed  ..cross  the  tcrnnnals  i  and  4.  I'i^'  4^-^  ^^"J  the 
transformer  cnnections.  as  shown,  tin.  means  that  the  lamp  will  ha^e 
n..  voltage,  and,  therefore,  should  be  extinguished  at  the  .n-.ment  of 
svnchrom>m.  In  S2  the  lamp  .s  acro>.  teinnuals  2  and  4.  which  r.nt  m 
the  same  electrical  iKJsitiuns  as  i  and  4      the  SI  connections,  the  pha«5 
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J::;  onun,  ...  ^v.Kh.   .nul  .l-.w,  Vn.htlv  .lu-n.  On.- 

'     /;  1  aU-  ...11  mdu-.us  .yml.....n-n,  1.  ,...M..on 

,  t.tl:u..  ,.....^.^1  bu.U..    nus  n..a.M...... 

,^vu  •' synchroiiiMiif; 
1,  „|.  "  "in  addition 
,„     th,-     "  luinui.-n 

,  ..itl.  I'-k'l"  ■. 
diagram.  «>ne  «{ these 
„  cant.d  the  "  incHin- 
,11-"  and  the  other 
thi-  "  nmniiiK  "  ^vn 
cliroiiisinglead.  Uacli 
iiwchine  has  one  po- 
tnitul  traii>f..inuT, 
with  Its  i.iuiiaiv 
across   one   of  thi- 

,  ai:li  oi  thf  sicoikI- 
arit-s  is  connt  ctcd  t.. 
tilt-   common  tarth 
l.  ad.  and  the  other 
t,.  til.'  c.  iitrf  \>art  nt 
a  two-way  phit;,  hy 
which  it  can  U-  placi  il 
,,11  .  ith.  r  synchronis- 
iiiK  U  iul,  but  not  on 
both.  The  rcniaiiuiiK 
connections  will  bo 
readily  made  out. 

In    tins  (liaf,'rani 
also  two  synchn)scii]>t  !' 
in  FiR.  4*4 
,1.11 


S5  a.ul  S4.  are  shown  (or  th-  sa.nv  ,.«.!-.-  ^'^ 
-   4.4.  namelv.  one.  s,.  w..h  tlu-  lamp  ...u.,,.-..    so  as  to  b. 
t'St  moment  of  synchn.n.n..  a.ul  .I.'  ^  '  fj, 

lump  is  bright  at  that  moment    f  S,^'' rit  ' p ^.o^s 

„,..  termmals  of  the    ru.......K  .       "     /j,;     ,  .  .  u,,   Innp  t.  rn.huils 

the  terminals  d.-vu-  t.J  la-np 

;;.;:';:i^.^:'Ud;ti:;^.t^of\£  .ynchro...,. .  upr.,.. .  t.. 

moment  of  synchronian. 
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In  these  instruments  a  us«  ful  dt  via'  is  ailil»  <l,  if  i.  .iniicd,  in  the  form 
(.1  1  1,1V  cntarts,  diixd  l)v  a  balanced  arm  working  between  stops  and 
dnv.  n  loosdv  bv  iiicUon  Irom  a  sh«cve  on  the  spindle.  When  the  spindte 
is  iiitatinK  in  one  diroction.  tlic  arm  is  h.  ld  ><>  as  ti.  (  Ii>m-  mu-  jair  ot  ("n- 
tacts;  it  closes  the  other  pair  when  the  spindle  rotates  in  the  opi»Mte 
direction.  The  arm  thus  acts  as  the  line  circuit  of  a  relay,  the  contacts 
Ix'int;  111  local  circuit,  wliidi,  wli-  n  cKwcd,  are  used  to  pve  pre-arranged 
8i>;naU  at  any  p.irt  ol  the  station  ;  l<>r  instance,  to  the  driver  at  the 
stop-valve  of  tlie  enf^ne,  and  also  to  Ww  op  r.itor.  if  \w  ■  mnot  see 
the  syiuhro>coix».  The  arm-sleeve  working  this  ann  can  W,  and  is, 
usetl  to  intir|M»s«'  the  ^v^.'vn  or  red  glass  between  the  lamp  and  the 
win»l..w  in  the  dial  on  tlioM-  instruments  in  wJiich  a  coloured  visual 
signal  is  given,  as  ixplaiiu  d  already. 


V'n  4aft.— Cci  If  I  tiuiii  of  Wc^loii  SylithroKopt. 


Another  form  of  synchroscope  or  synchronistr  makes  \iso  of  the  prm- 
ciplo  f>f  the  elcdro-dyr.inwmeter  already  explained  {see  pages  732  to  734, 
Vol.  I  ),  ill  ((■niuvtion  with  the  nieasurrmtiit  of  continuous  currents,  and 
also  111  coniuction  with  the  moasuremcat  of  alternate  cunents  (ibid  Jiage 
767),  A.c.  |X)wer  (ibid,  pages  801  el  seq.)  and  power-factors  {ibid.,  pages 
8()()  d 

W  lu  n  adapted  for  use  as  a  synchroscope,  both  coils  of  the  electro  dynarao- 
mi  tci  iiiovcmcnt  are  wound  with  tine  wire,  one  of  them  hciiif,'  placfd  as  a 
shunt  across  the  terminals  of  the  incoming  machine  and  the  other  across 
the  busbars  or  the  terminals  of  the  machine  already  niniiiiiK.  In  the 
Weston  sync  hroscope,  a  diafjram  of  the  connections  of  which  is  given  in 
Fiy.  4i(),  the  movable  coil  is  put  on  the  inconiins  machine  terminals  .-".nd 
the  fixed  coils  on  the  busbar  terminals  of  the  instrument.  Tlie  principle 
unil.  rlyini,'  the  working  of  the  instrument  is  that  there  will  l)c  no  torque 
in  the  nuning  coil  when  the  currents  in  the  two  circuits  ere  in  time- 


1  M  M! 


,„„l,,„„n-.   To  s.i-nri.  this.  vvl,.n  it...  j.!...--  t-  I-  .  ..,n,.,,M-.l  .... 

,  .  Mst  m,     m.u  il„  UN.  .1  1  .  .......  .."HU'  "t  I'-ul  m  ll.c 


lir>t  i-irniit  tli.n 
(If  wlun 


I  

K  /»r, 


Cot  X, 


 ,       K/.r,  (^) 

„i,»  til.'  anylr  ..I  l.M.l  III  thr  MV..I1.1  .11.  lilt  will 
U.  u.viU  p.iKe  54.i.  V..I.  I.)  I.y  vnua- 

tiiin 


tan 


r., 


(3) 


ri„-  two  ;uml.-  will  U'  rompleincntary.  tlial  is 
111.  y  will  ilittt  r  l.v  ')<'°  wl>«'n 
pi. 


that  is  when 


-  K  r 


Tho  anKl.  s  ..t  l.  a.l  an-l'lat;  arc  in  parh  cas.' 
moasurc'd  with  n-lm-.i. to  il,..  i^haM.  of  the 
,  nniuuls  oi  the  circuit,  aiul.  th.u  l.'ic,  it  llu' 
.  on.l.tion  in  equation  (4)  1h-  fulfilU-d  the  curn  .its 
i„  the  instrunu.it  will  Im-  ">  tun.'  qua.iruturo 
when  thfsc  phases  co.n.uU'.    H  ""'^t.  «'<>^vcv.r. 
Ik-  noted  that  the  currents  will  also  U-  iii  tinu^ 
Mun-  If  th..  phases  are  m  on».s.t.on.  I..r  m 
U,at  ca.c  one-  pha..  is  niovrd  round  180°,  whi.h 
still  leaves  the  an^lL-  bftv...  n  la;,'  aiul  U  ad  =  .|o  , 
]„a  m  the  opposite  dncdwn.     This  is  nui..rlaiit 
,„  ronntcti-Mi  with  the  theory  of  the  mstrumcnt, 

-  ^«.rri..e.ior  oc  ti. 

and  the  external  appearanc  is  .l.own  4-^    1  .  - 

,,,,  ,ar,e  horizontal  nnls.  which  ^''^  ^^-^^'^J ^'^J^^  ,  .  th-iii. 

so  that  the  axle  oi  the  vertical  movable  ,,,,  ,he 

This  vertical  coil  has  its  o  n,,.,  at  ,1.  inuU      ^  b«  con.ru  ^^^^ 

tw.-.l  coils,  and  is  suttKicntly  Miiall  to  iota  .           "  ,  ^,„,, 

TTi  r:  ;1'';;:,;;u'';:'';:.'m  -  v--'   - 


(4) 


tie.  laj.— l»«ri«  VUw  of  VirMm 


Ei.EcrKiciTV  in  the  ShKncK  of  Man 
,>l,ast's  at  the  terminals  of  the  ii.stniment  eith.  r  coincide  or  are  in  direct 

"*'*^irth"v  IH-  anv  diffn.nco  ..{  phasi-  other  than  direct  ..p,K.^ill..^,  th- 
pointer  will  1..'  .U  H".rlr.l  ii>;l,t  or  l.  it.  .U  ih  i..liii«  on  tl.r  phasr  aillmiu  .^.  tl.o 
voltages  at  tlie  terminals,  and  tlie  cntrolliiif^  K'niue  "1  Hi.'  -pn-d  si'i'nK>. 
The  .  ircuits  are  so  joined  up  tliat  when  the  iiu  nmiiif,'  ma.  liine  plM>c  i> 
liK-iii.'  the  ,!.tl..  tiui,  IS  to  th.-  h(t.  and  when  it  is  leaihng  tlic  del  ect.on 
IS  to  the  ritiht.  Tli.  reh.re  wli.  n  the  pluisi-  rehUions  are  ehanfjmg  slowly,  the 
pointer  will  oscillate  barWwanls  and  forward,  laii  ly  w.  ll  m  j.  with 
*^  the  plia>e  i  li  illtif.  it  tlu-e 

l)e  not  too  rapid. 

I>  is  at  this  staf,'e  that 
tlif  use  of  the  l.iinp  wiiidi 
ajipiais   in  Fins.  420  and 
427  Ih  i oines  apparent.    1  he 
lamp  is  placed  liehind  the 
hhu  k    n  i  taii^.;le.  wliich  is 
seen  in  the  iiii<ldle  ol  tlio 
scale   in    l-if,'.   42«.     It  is 
connecteil  tt)  the  secondary 
of   the   lamp  transformer 
shown  in  hit,'.  4.;').  the  two 
primaries  of  the  tran.loiiiu  r 
lieinf?  <'onnected  «>ne  to  ea»  li 
p.ii'  o|  ttiniiiiak  i>|  tiie  iii- 
stiiiintnf.    .\ii  examination 
of  the  circuits  will  show  that 
when  tlie  primaries  are  in 
I)hase  the  lamp  circuit  will 
be  ener(;is<>d,  and  that  no  magnet-,  flux  will  pass  thiouKh  this  .  ii. ml  win  n 
the  ph.iMS  are  in  opix)sition  ;  in  the  latter  case  the  lamp  will  therefor.  Ik; 
dark,  and  the  traushunit  scale  will  not  lie  illuminated  at  this  moment  if 
the  phases  are  chanf,'nm  wiiii  sutli.  i.  nt   --1ovmi.->.    A  little  further  con- 
sia»Tation  will  show  that  it  tlie  nuonimg  machine  is  too  slow  the  scale 
and  i«)inter  will  h-  illuminated  chiefly  when  the  latter  is  moving  towards 
the  lell,  anil,  on  ihr  (uiiti.iry.  when  the  indiiniiii;  machine  is  too  fast. 
It  sh-mUl  l)e  noted  that,  the  p.iiitei.  h.  ni),'  lieliind  the  screen,  it  can 
only  lie  s.-en  when  the  lamp  is  lit  up.    Tims  it  h.llow>  th.it  the  diiec- 
tioH  in  \\liich  the  jH.inter  api»ears  to  Ix-  moving  indicates  whether  the 
111,  unini.^  inach.ine  is  ••  slow  "  or  ■•  f:..:."    To  prevent  mistakes,  these  words 
are  de.irlv  »liown  on  the  translucent  M  ie<  11. 

The  iiuhictive  iesi>taiice  or  choking  coil  r,,  tlie  Limp  transtornur,  and 
the  coiulenser,  which  are  shown  diagrammaiii;ally  in  Fig.  426,  arc  all 


rig.  418.— The  WtHuii  SynclvoKopfc 


TiiF  WfiT.'N  Sy.vc/rFnscorr.  4'3 

"f  nl  forms  one  pu>co  of  a.M^.ratus  with  .!.-  ~vn.l.,....r  Hh 

In  order  that  ih.  ..  nuv  pn.,., ,  M'>"1'" 

""   the  currents  in  the  two  e.r.«U>  when  the  .ha.,  o.nu.le.  U  .S 


n.M.—.irv.  iis  shown  alxive,  that 

I.  -  wr.r 


where      an.l      inchule  the  ..  mm.uu..  .if  the  nv.va1.le  an.l  tixe.l  eoH.. 

n      t)<P  resistances  rcstx'.  tivdv  m  -.  ii.--  wuh  tli'in. 
•'^  ^;;;'l::,:';::;::™ts         by  l,r.Drysaale  on  an  actual  n...uu.eu.. 

It  was  found  that 

K  =  l-O''^  mierotarad 
=  i  t)H  X  10-°  farad 

I         '  4''^"    '  i-.S"*'  olnns 

wlienrc  '1  '^a  •* 

=  o-3<i5  lit  iu  v 

rfosely  api.roximatod  to.  Tlie 
.  „unu  nt  IS  therefore  within  wide 
pi.ieti.  al  limits  ind.'ix-ndent  of  frc- 


iiuencv. 

iM.r  this  m.thod  of  as..rt,iin- 
the  ,ihas<-difference  for 
,,„.„„Mnf,'  l«riM.scs  it  is  dauu.d 
,l,at  tlu'  indications  are  mfallil)le, 
and  that  its  use  i-.  Muii'le.  .'^  tl>.  r,. 

onlv  <.ne  object    (the   movuig         ^^_a„.;iu,u.  of  u,c  w.m,  „  s,....  

i:;;;:;^"  :;'^:b.-'"-thL  one  a.«.ee  of  true  ..ha. -cnu .den. e 

.,v.r  a  wule  ratrf^e  -.f  '"'l-;;-;';;*  „„,  v..lta,e  IK.  ri,ht  and 

.vnchionism  nearly  jK-ifect   lan  nn.  i  . 
;::.,un,  m. mne  on  to  the  busVnjrs  so  as  >  ^^^^  ^J,,^,,^ 

load  without  disturbance  whilst  it  is  Umt.  puuui. 

^o  overcome  the  ,.sil>le  dirticnltu.  ...  ;;-^;">;- ^  « 
inconnn.  aU-rnato-  ..n  an  ^2':^.       t      -  >bl'  -d  ,1.  a,.,u.,al 
and  svnchron.>m,';  .t  -s  th.  n  ..  .nu.    .    t    1      ^  ^     _   ^^^^^^^  ^^^^^  ^ 
Inad  gradually  removeu.     fhts.  ^"'^^  ' J'  ,,^,u.  and  delays 

station  whilst  the  new  machine  is  Un,;,  ad)u.t.a 
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the  time  when,  bv  fakinf;  its  sliaro  ..f  tlio  working  l.^a.l.  it  .an  nlu  vf  11.. 
otluM-  machini-s.  which  are  incbably  ..veiU.adwl.  iMViial  ways  nl  .a.i- 
c.minK  this  <lit1irultv  have  liern  tried.  For  instance,  mstead  of  puttinp 
the  marhim-  aft.  r  svn.  l.runi^ini^.  .  tc.  -  iaii;ht  -n  t-  the  busl.an^,  an  adjast- 
abk  chokuiK  C...1  ..r  reactamv  .s  .nt..,,  -se.l.  As  this  irartance  is  reduce, 
step  by  step,  the  excitinR  current  is  a-ljiisted  t  .  ke.  p  llie  vnltai;e  .-.lual 
to  tlie  i:  P.  ..f  tlu>  busbars  with  the  result  that  when  it  is  hnally  tut  out 
the  alternator  is  (juietlv  takiiii:  its  full  share  of  the  load. 

A  method  of  ai>pl\in|;  the  artiii.  ial  load  i>  -howii  (lia-rainniati.  alh  in 
Fig  4JO-  1»  addition  to  the  ordinary  Imsbars  ii,  and  there  are  two 
auxiliarv  bare  a,  and  a,  connected  to  an  adja-tablc  artificial  load.  Then 
is  also  a  synchronising  transformer  with  its  primary  w,  ccmnertcd  to  a,  a,. 

ar.d  with  a  van 
,il)!e  re^i^l.iiur 
V  K    in  its 
senmdarv  cir- 
1  111' ,  wliii  h  also 
iiu  lii'Us  the  se- 
lonilary  of 
another  trans 
former  whose 
|)riiuary    W',  is 
connected  to 
B,  Bj.    A  lamp 
or  \  oltnictcrtrst 
is  used  to  inili- 
«ate  synchron- 
ism.   TIk'   ma.hine  M,  is  alna<lv  on   Ilie  bu-baK,  and  it   is  re.iuire.l 
to  bring  in  the  machine  M,.    To  <lo  tin-  m,  i-  run  n;)  lo  its  itrop.r  speed 
and  excitation  on  the  bai-s  .\,      with  the  aitili.  ;al  io.id  ni  .  iicuil.  The 
secondary  circuit  of  the  transformer  is  then  closed  and  the  si-ct;on>  ot  the 
resistance  remo\cd  step  by  sti-j).  whilst  M,  comes  int«)  (lerfect  synchronism, 
when  the  arlihiial  load  can  !>••  thrown  olf  and  M,  put  on  to  tlic  busbar-. 

////«/i/;^;.-— With  altcrnatt>rs(liiectlyci)upled  1(1  ivcipiocatin^sU  ani  eni^ines 
there  is  sometinu«s  develo|x^  a  troubles«>me  pheiiomennii  which  is  not  so 
fRMjucntly  cxpcrieiK.-d  with  Ix  it drivi'i  or  tnrbnie  driven  alternators.  The 
niacliiiies  will  run  ii»i.U  -nioothly  lor  a  lon^:er  i>r  shorter  jxTiod.  till  it 
will  be  ol»sei  ved  that  the  ammeters  of  the  ditferenf  altemaiors  lH,t,'iu  to 
swin;;,  showinj,'  variations  in  the  earients  passing  to  the  busbars.  Tln.'se 
swiii^,^  i,'ia  hiatl\-  ini  rea>ie  in  aiiiplitud.'.  and  as  the  feetler  ammeters  are 
practiia!i\-  iiii.iU'ci  If.l,  ih.  \-  ni.iiat.'  llial  lic,i\  \  .  niii  nt>  are  pa-smi; 
between  the  inachincb.  It  the  ir.:-chiil  is  allowe.l  lo  develop  these 
currents  become  sufltciently  large  to  oMise  pulsations  in  the  p.  iv.  of  tfee 


Kig.  «jo.-Coi.lwrtivlH  for  I,.nilillg  Mlrtujaors  whilst  Par.illclli 

n,  l^  aiicailv  on  ihe 
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busbars,  and  sometinu-s  f.  blow  tlu-  f..>.>.     ri...  ph.<n..M,.-.>..n  known 

Various  «planati..ns  bave  been  suK««.ted.  but  miui  ttu'  tu-ul-l-'  M.nir- 
,„nes  dev.lo,>s  qu.to  paduallv  it  scorns  t.,  be  in  m.,st  ra^-s  a  rc>o,u,va- 
efft^t  caused  bv  ,.T,...lKal  .b.tu.ban.v.,  vvbirb  ba,-,..  ,,  f  hav  a  ,vno,l.ntN 
u"  h  a  srmple  relation  to  tbe  natural  jH-riod  u(  oM.llat,,.,  ,.t  .  annatur.-. 
l     .listurbanre.  once  starte.1.  Rra.h.ally  increases.  Ix.  au^.  .,t  tbe  n  nuren.  - 
,    ,  cause  at  na.  t..  ulartv  favourable  urstants  of  time.    Another  ex,>lanatu.u 
bat  .t  nray       due  to  uUcrfcrmcc  effects  car.se.l  bv  .lifferenc,.  of  ^va^e 
.rm.  and  the  s«per,.Mtiou  of  tbe  bannonu.  .as.s  o,  .b,.„e,  l--' 
h     Minciralwave.    Consider.ns-  tbe  tin^t  sug^.-st-on,  we  ku-w  lb...    .  c 

,v     .s  rot  K.vcn  rtn.forrrrlv  t<.  a  reciprocatinR  engine  by  tbe 
H  m-,  es  of  .mpulses.  an.l  .bat  therefore  tbe  .Irn  iuK  nromert  on  tl.  sh;dt 
"c  Hates  between  nm.ximum  and  .n.nmrurn  v  ..lu..s.  however  tbe  -anks  a 
et     If  the  period  of  this  .^dilation  conuubs  w.th  tlu  ,.„,.,  ,1  t,. 
.,  Ut'.u,    of  tl^  rofa„n,  .arts,  tbe  a.r«ular  velocity  ol  tb,.  la....  u.l 
;::.;llale  al..r.t  .he  ..rean  ^alu.  .  arul  if  these  ..cillaMons  are  rrot  da.nM 
tbeir  amphtude  mav  increa^-  until  it  be.onies  daiiceious. 

.r  h  .rv  points  to  two  different  kinds  of  unu  dies     ( ,s  to  al.e 
tbe  H  iod  of  i.  niation  of  the  rotatinR  parts,  which  can  be  done  by  nu  u  .mu, 
iemiinu  tl-  -e„ht  of  the  flvwheel,  and  so  changmK'  its  moment  of 
,  e  t  a  -tbod  IS  .0  in.rodu.  e  some  kind  of  .lampm,  .lev.ce 

iiicb  will  prevent  the  oscillations  attai.unK  a  ..an.e.ou.  am,,  uu...  Ij 
l  e   1  l.ok.n.'  eoil  inserted  toween  tbe  alternator  and  .be  l.u-ba,s  vmI 
:  ;  a  d  n        effect,  but  in  practice  it  is  found  that  the  mductance  must 
;^mSa.  lar«e  to  b,-  effe.  tne,  and  tins  cuts  down  the  V.  n.  by  mcreasmg 
the"  U«t  volts,  and  renders  a  heavier  e.xcitinK  cmiH.ntnecessar> 

Another  mechanical  canse  <.f  pericKhc  .bsturbance  maN  '  '  " 

rnor     For  u.^.  iu.r  ll  .hr  K'ov.  ruor  be  very  seuMtive,  the  llu.  tu.i. .on. 

-I-U- o,  .he  ;;.nu.  „,over  mav       up  o.  illat.ons  m  tlu- 
1  rn^^^^       reacting  on  .he  eondi.ion.  o,  runmn^  of  ,be  pnm.  n,o  • 
\  M ve  n  "  to  Inmt.nL'    If  this  be  found  to  Ih'  tbe  cause,  il  »  -  a.dy  r.  m..!-.  d 
n^^  n     b    P     n-r  les,  setrs.t.ve,  by  dampm,  it.  motion  w„b  da^l. 
1    or  .the  WW.     W.th  el,.,r,.ai  p.v.rnor-  XW  •  ond.tion.  ln-.on...  -.,11 
:t  CO,   >ica.ed.  and  resonance  ef.ee,.  mav  W  ,,o,!uced  m  other  w.v. 

„  con  iderin«  the  action  of  datnping  dev.,.-       n.u--  V    - ;  ' 
..e.    as  shown  ...  llu  u.  H.  .al  theory  «f  the  parallel  rm.mn;;  ..t  .  1..  "a  -,.> 
.     ).  wh  n  a  n.a.  hin..  ..  .s  a  b..U>  out  of  step  with  the  bu- 

(M't  page  j()5  <i'<";.  ,     ,  .    ,,,11  ,,  ,,,1,,  .1,1.  wh-tb.  '  it  b.  1.  , id. 111; 

bars,  tlie  reactions  set  up  tend  to  pull  >.  ni.o  -t.  i-       <  ,  , 
1   ,„„,     ri„  ,.  to,,    .1  .1  w,  .,  n...  lor  .he  ..■.u.i.  n..- "I  tl..  .li-iu. t...... . 

:iio.    uv  :h..h  ...  pr...luc..  resonan...  effe...  .h-  a„y 

:^ud    nd  temporary  disturbance,  if  .rot  .,  L- 1--,.  w.^M  ^-^  " 

die  away.  The  L:iUat.ons  produced  by  .uch  u.. nance  che.  t.  arc  usuail> 
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,nrh  are  more  difficult  to  ha.vlU  tl.an  more 
„  ,„,  •!  -I'wn  by  nurlumu  al  <if_vin-s. 


lon^-pt  ricMl  o-rilLition- 

rapid  onrs.  wlu.  1«  »  .>u  ..It.  n      .i  i'^M""  "".■jj,""    ,,H,se(l  bv  LeWanc 

A  very  sunple  metlu.d  uf  elect ro-inaynctic  J^mprnf,  p  ^^^^^ 


ive.     It  will  Ix"  li-'t 
understood  by  refei 
encc  ti>  \'\^.  4.?i  and 
4^2,  whi'cli  represent 
(i..u-  j.(  i|H  ndicul.u 
to   and    thn>UKli  tin- 
shaft  of  a  portion  of 
a  llntin-l  eblanc  alter- 
nator built   in  i8<>*i. 
It  was  of  the  revolvinR 
field  type,  and  had  an 
output  of    4t^>  •^'l"- 
watt-  at   a  sinvd  ot 
(K)  K.  P.  M.,  the  ixriod- 
irity  being  4t>  *V»  an«l 
the  ini'->'.nc.',.iKM)  volts. 
The  maj,'net  rinijwas  20 
(wt  in  dianiitti,  ami 
tlie  air-gap  clearaiue 
was  onlv  o-.')2  inch- 
ThiTf  wi  ic  -IN  si"'-' 
jKT  jx>!e.  but  as  the 
marhine  was  lor 
-m^le  -  ph.ise  currents 
two  o(  tiifse  were  un- 
wound.    The  >iM-.  ial 
feature.  Iniwever.  wiLs 
that  each  pole  faee 
wa>  pun  I'.l  .luitc  <  I'.-c 
up  to  the  pH'  I'v  -IX 
holes    A  A,  m  wl'i.  ii 
were  place. 1  solid 
c.  pjH  r  rodso-.'^.jsciuare 
iui  ii   lit   cro—  -:m  tion. 
These   rods  were 
(lami>ed   tof,'ethfr  at 
tiicir     ends     l>\  the 
cop|)ersegnu  iits  s  (l  in. 
432).  and  thus  very 
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iMiili  n^cniblcfl  tlic  f  (i]ii>('r  rondiu  tors  of  the  sqtiiin  l-rai,'"'  rotor  (Fii,'. 
\  'A.  1.).  ul  an  iinliii  tinii  iiinttir.  Tlif-o  rlKM'il  (npjii  r  i  in  iiits  oi\  tlx  )H.lr>>.  Iiv 
tlie  inductive  action  of  the  currents  iniluccd  in  tlu-ni,  Imm  Ui  ii  i..mii.1  t.. 
rxt-rcisc  a  very  decisive  damping  ai  »ion.  which  pr»•v^•nt^  an\  liuiitint;  il  .it 
niav  be  started  from  developing  to  a  dangerous  e  xtent.  Tliey  weie  cal]«  d 
li  \-  t  h  c- 1 1  i  n- 
vcntof  "  ^iinnr- 
/isseur"  or 
"  cir- 
ctiit'-.  Ill  adili- 
li.  Ill,  ill'  \  .iKii 
htlp  lo  bring 
the  marhinr 

mill  !■  I  a  :  (11  y 
lull)  !-\iKhroii- 
if  It  >lii)ui(l 
be  thrown  on 
to  the  busbar^ 
>liKhtly  out  ol 
step. 

The  action 
of  the  dainpini; 
circuit^  ( an  be 
s  i  ni  ]i  1  >•  I  X- 
plaiiied  b\"  re- 
ference to  the 

thci'ivof  the  in- 

duiiiun  motor. 

It   will  sul^^t- 

q  u  (■  n  t  1  \'  b 

po  i  n  t  e  d  nut 

that  for  s>irh  a 

motor  to  absorb 

power  from  the 

riectiii.il  <ii- 

luitsol  the    I— II 
stator  the  rotor  «3.-l«^.«''"  n.,mpin«  r,r...i.,  ..n  .,  )• 

niu-t  nm  at  a  <-poed  le-^  than  that  corre-pondini;  to  the  ai;,L-iilar 
veloi  itv  ol  ih.-  roiai.nu  In  M  .  n,  olhe.  wor.l<,  then-  mn-'t  b.'  a  .e,tam 
amoimt  of  "slip"  Ix'tween  the  two.  It  i  an  luiili-i  m  'i""!!  iIm'  it 
there  Ik^  no  slip  there  can  Ih<  no  curu-nt-  in  the  rotui,  ami  tlunimc 
no  mechanical  action;  whilst  if  the  Mi,,  U-  reversed-  that  is,  if  the 
rotor  lie  forcibly  driven  at  a  s|R-ed  higher  than  the  synchronous  s^K-ed- 
79 
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th   inarhine  will  act  as  a  generator  awl  al»orb  mechanical  power  iron. 

thv  diivi-r.  ,  ,. 

In  our  pre»«it  case  Ihe  speed  oi  Ac  mfatinR  niaf,Mut>  -.vh-  n  Imntmi, 
is   ilioinatHv  to,,  faM  and  t<H,  stew,  and  (KciUaK-s  betw.-t-n  linut.  Nvitl 
prrivct  iffjt.la.  iiv.    Ni.w,  xvlu-n  it  is  too  ^Vm.  the  damping  circuits,  becaus. 
of  the  maunrlic  flux  -lur       Hi'  arniatm.'  u'arti.m,  .  .pim^  if  t..  act  as  an 
iBduction  motor  taking  pmer  from  the  dertri.al  circmts,  Nvhuh  ^v,ll  tend 
to  quirken  it  np  to  the  wmn^  speed.    On  the  other  hand,  %vh,n  it  i 
runnin        fa-t  t!,r  rrarti.-,    .!  '!.r  damping  circuits    a  generator  rcactiun. 


\vhic)i 


diMon.i!  n; 


lianua!  powrr  from  the  shaft,  and  tends  to 
r,liivv  down  till-  sjuM-d  to  the  n'>niKil. 
At  normal  speed  the  dampini;  tiniiit- 
are  dead,  and  have  «o  effect  on  the 
mniain!,'  of  tlic  niacliin- 

will  l)f  (liar  that  these  cirnnls 
VCTT  much  increase  lie  sclf-n  i;ulatinL: 
action  of  alternators,  which  has  been 
already  referred  to  (vc  i)ai;e  3i)(>|,  for 
With  am  ilc\ia!ioii  :!  'in  normal -ii<(d 
they  come  into  acticxn  and  help  to  pul! 
•J»  nnchine  bode  a^^am  into  step.  ( >n 
ttR  other  hand  it  is  .  -"vious  that  th- 
riittint;  awav  (  i  ^o  in  .  h  iron  out  of 
t  ■  ;)oi''  iinisT  seviot'.-iy  increax'  the 
i  csBCiaiHa:  of  ilje  ma^Ktic  circiat,  and 
thtaaiun.  Tender  more  excitinp  powcT 
necessan  thus  reducini;  the  elln  lency 
of  tte  i»achine.  In  later  inaciiines, 
therefere,  Ite  tenptsf;  circuits  were 
remo\cd  from  th"  poles  and  placed  in  the  p<»I:_-  -ar-  as  sliu^im  in  V\\i.  4:'. . 
which  represents  a  jiorti,  n  ol  tiie  revolvini;  tK  ol  aisarRe  Westmi; 

house  alternator.  It  will  be  noticed  that  iia  ti«d  coils  ar«-  Jrt  ld  ni  their 
jilaces  by  very  sul»tantial  wedges  sUpped  uader  the  piojectiHg  tip^  ol  the 
pole  pieces.  These  wedges  are  made  of  ptm-metrf  m  other  non-mHsre  tic 
but  c(jii(hicting  material,  and,  in  addition  m  rfe.T  rnediana  al  ;'j  tion, 
they  form  closed  conducting  circuits,  wliicli  act  dje  damping  cjrcuits,  of 
Leblanc. 

Dampin^^  ciicnits  can  b?  jilaced  >ini!lai!\  or,  the  fixetl  Tsiap-w^ 
of  altematoi-s  with   revolving  armature-,  lor  reUtn.   motion  is  ..  tint 
need  be  considered.    In  Fig.  434  is  sliowii  a  p«>rtioB  ol  flw  tixetd  staKnct 
of  a  machine  built  by  the  General  Electric  loropaav  hI  Scte«*saady, 
in   which  copjK^r   strips,  whose   shape  can  casih  be  ina**" 
fitted  under  the  pole  tips  to  prevent  hunting.    The  oifMHMa  ^ 


tie.  4J4.— Inwrpolar  UanPtng  Cifcuiti  i 
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n'-fii>n      ♦lie  <«Tne  s»s  fliat  Riven  alxiw  for  rrvulvinq  fiHd  mai^nrts  simi- 

hil  ly  lit  ltd. 

It  IS  ulivicHi';  from  flu-  ;iht>\i>  cxplanat .n  ih  it  ii  tlh'  ]>n|i'  ]iii<i  >,  or  shoos 
arc  solid,  tlic  iron  of  tlic  {hiK-  pii-t  i-  will  snpply  'I.iiii|>mh:  >  mnit^,  hut  on 
acronnt  of  the  liiirluT  rcsist;im-f  of  iron  the  (l.iiii]'m;'  t<iiqnc  will  not  U- 
Ml  i,'ii  .i!  uuAi  \  -iiiiil.ir  <  (iiiilitinii--  of  ili-(nr1i.ini  •  ,is  w  inii  inpi'.  i  (  iK  uits 
arc  avMil.ihk'.  Wnli  luniiiiafi  il  jkpIi'  pu  i  i  >  tin-  (LiiiipiiiL;  l  uircni-  woiiKl  1«- 
still  fnrthrr  dnnmisl»Hl,  but  niav  b<-  sot  up  (in-^KT  litiwn  in  soliil  i  ores  or 
r\(  il  HI  the  tiflil  (  Sui  li  (  tnn  nt-,  huwcvor,  rannot  bo  as  cfli  CtlVf'  as 

till'  t'lincnt-  in  tln'   '  .nnorli-^rnr  "  i  in  ml  .. 

In  I  iii-iMii,  It  -liouM  bi'  pniiiti  il  nut  lii.it  onr  of  flu-  ii-n-t  fniitfnl 
aouras  ol  Jiuntinf;,  namely,  viiriabli-  ihivnif;  toiipio  lor  dilli  i.iu  ix>sition3 
flrf  the  rrank,  is  ahsrot  in  stfam  tiirbino*,  ami,  a>  a  'dnsciiuenr  ttirl)0- 
;iitirii;tlors  sddfmi,  if  ewr,  exiiibit  tlie  phonomenon  of  hunting'  '"n  run 
im  parallel. 

IV.- I't  nnr  st'pri  v  stations 
Types  of  Stations:  ClassHkation.    riiiTii..i..of  tb.-  sit.-  for,  an.l  tbo 

planniiii;  of,  i  f,'i-n<'r,itiiii;  --l.iiion  so  tliaf  it  sti.iU  1m'  .i  IuliiicmI  siici  i  - ,  is 
^wnti,lllv  a  problcni  t'^i  tin-  t  nLiiin  r  ;w  ili^tini't  tiom  tiic  <li^u,'iii  r  .md 
iBivfnfor  of  macbituT'v  ami  apparam>.  During  thf  p.i-^t  tliiitv  yi-ars  tlif 
f»«»Woms  invoh'ed  bavi-  attractvd  tin-  altvition  ami  ocrupii'I  tl..-  linn'  of 
of  the  foi.  r:|.,^t  i  n!;iiu-cvmi,'  mnids  of  tbi'  pnUMl,  and  i-  {•■u-,  siiici' 
''Ii'- condit i'-ns  aii-  nitini!<  ly  va'n  il,  liur.drrds  ot  vi,itiou<  lia\i-  !■  .  ii  n  cffd 
Mife  ahnant  evt  rv  possilA*  variation,  n  tl'-rtiiv,'  thi'  pi  iili.iiitv  of  tli'-  -pti'ial 
rt«*»(Htion~  »nd  the  idio>ynrra--i(  -.  of  t'losc  n  ^jx'nsibli'  for  :ht  ii  i  l.ilior.ition. 
>o  rni)id  iuw-  Ix'cn  Iho  dt'vclojinn'n' ,  tliat  :nanv  of  thi'^i-  h.ivt-  l,,iu;  sino' 
l«(..mr  o|>>^'tc,  -oui''  li 'Vf  had  'iniv  iii.u 'ni' i  v  -ii.ippci'  two.  i|iri-c  or 
four  linn  s,  tlu  ir  \vlio|.  plan  rv-modi  Ui'd,  wlnl-l  th<  di  niand  for  l.ir:.;i  r 
and  fctrgfr  stj«i»ns  feas  tliir.w^^tiat  brt-n  v<  r\  in-is'a  nt  li  vvould,  tlu  rc- 
lor<    Iw  ijuitr  in,5.„ i^.-i,4.-  io  (\,  .ridw  «  \'<!i  ,1  -  M.ii'  (ifoj.  iti..n  of  th<-  stations 

wlili  :i  h.lVi-  hrrM  ,>'  Work  dill  1!  ■   tlii-  J»>-ry>d  li.i!!H-d     illd    "ill'-  MMt 
Il<',lti"'i   is  ni'rf^--a' \-,  .Mt  tii.lt   \i.    Iiiav  <4»-4i  WItli  f;riVI,d   tSp'--.  I 
Hai.d  station-;  only  witb  -ih);.  i.  li'    ir-T  ,il       t        ;.!.     :  •  ■; 
I  joint'.  -np|vi-od  to  fa--t  m-.:    'in    ■«.!  ti,.,  ,•   •  ;•  . 
liiM^      wliirli      ,1.  .xnwit  lx'  louii'! 

m  .iiv  t,  ->w.«!nod  chiollv  with  tin'  el* 


at  fir>1  -it;fit  most  omvf 

■  ■,xiU'.''         Vl'  W,  llli  '.i. 


al  .1  J»  f  ' 


f  chlNvi- 
■tllblllR 

■  t\l..  , 

■  (1  i\r- 

•  :!., 

■  .f '  i< 

\r 

••iijty 


UI  1 


i'io«« ; 


■  1 


^>  l^h  voltage. 


ELKCTKKrrr  tf  ihk  Skkvkk  Of  Mam 


(ii.)  AltematinR  current  statbns: 

(,/)  Modi  rato  voltage. 

(/')  Hii^li  voltagp. 

(()  I'M  1. 1  liigh  voltago. 
Tli(     iiiiglit  -il-"      a  cross-classification,  according  as  the  station  wa-^ 
to  Mipi  h    .ur^v  (i/)  at  constant  pressure,  or  (ft)  at  constant  cunvnt.  hut 
the  latt.  r  has  Ix  .11  (■..miMialiwlv  m-  httlc  u>.  ,l  m  i-raclical  work  tliat  this 
cross-cl;is>irnatiou  woul.l,  at  prosoiit,  not  h.-  ol  nuuii  inip)rtaiu»>. 

At  one  time  in  the  early  period  of  (h  v.  lopm.  nt  the  abov.'  cla-.iii.  al ion 
w.  iild  li  bicn  till-  ni'^st  convenient,  for  in  those  days  cngineeri  had  to 
drive  til.  u  (;emrat..r>  with  whatever  kind  of  prime  mover  was  available, 
thouRh  it  might  have  btHMi  originally  .l.  sign.d  for  .luit.-  a  diff.  r.  iit  purposp. 
Under  th.  circumstances,  it  was  the  rator  winch  iniglit  !>■  said  to 
fix  the  tvp'  of  the  station. 

Tlii^  ha.-  iiHU-  l).  .  n  nio.lifi.'.l,  at  h  a  1  |  .rtially,  and  a  more  omvenient 
clabsilkalion  at  the  pres^Mit  time  will  U-  rather  as  follows:— 

1.  Sieam-Jriven  stations,  with 

(a)  Slow-speed  generators. 

{b)  Moderate-speed  generators. 

(<•)  High->p.e(l  or  turbo-  generators. 

2.  <ii<s  or  oil-drivcn  stations. 

J.  Wiittf-power  (hydro-elf ctric)  stations,  with 

(,/)  I...W  head  or  Miiall  Wat.T  pr«s>ure  available. 
(/.)  High  head  or  great  w'ater  pressure  available. 
Even  thii-  classification  can  only  be  regarded  as  tentative,  ami,  at  the 
highest,  a^  .i  .nn\,nient  one,  for  stations  exist  in  which  the  classes  o£ 
generat.irs  which  give  ri^'  to  the  three  sul>-divisions  of  No.  1  are  found 
working  side  by  side  ;  aii.l,  again,  it  is  not  imu-ual  to  find  in  livdro-.  l.  ctric 
stations  (No.  ^).  steam  plant  installed,  either  to  take  the  whole  load  if 
the  water  supply  be  shut  down  hy  climatic  influences  (frost,  etc.),  or  to 
assist  the  water"-p.>wer  plant  over  th.-  load  jxaks,  or  when  the  supply  ol 
water,  owing  to  seasonal  variations,  fall.-,  below  the  reepurcnicnts  of  the 
station. 

Load  Curves  and  Diagrams,  -in  m  tting  about  the  d..sign  of  a  gene- 
rating station  ior  tin-  tr.tn-lonn.itioii  ol  any  of  the  s<mrces  of  energy  just 
referred  to.  the  hr-t  pi.iM.  in  t..  be  lacd  1-  the  ultimate  utilis.iti.Mi  of  the 
energy  .1  p'-oblem  wlii.  li  has  be.  ii  leterred  to  in  general  terms  in  the 
intnidnrtorv  r. marks  (s,y  i>ag.s  >,-■>  and  371)  at  the  beginning  of  this 
ch,.ptr!  .  In  th.-  L'.  n.  r.il  e.i-,'.  wh.  re  th.  ,  ner-v  !s  not  re<|uire.!  for  a  .dearly- 
deiuied  object,  ea-ily  amenable  to  taUnilitioii,  the  engineer  should  make 
a  sjxvial  study,  not  only  of  the  industrial  occupations,  but  also  of  the 
social  peculiarities  of  the  people  in  the  area  in  which  it  is  proposed  to 
Utilise  the  electric  energy  i^uced.    .\s  a  iiiU,  these  lines  of  invcstiga- 
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tion  will  W  fonn.l  to  ho  clo^  lv  mt.  rsvovdi.  ll-.w  f.ir.  fnr  in-t.m.  r.  rio  \hr 
industries  of  the  locality  miuiiu  \n>\\K\  (oi  tlu  n  .  itiu,  nt  .  si.l..it.iii.'n.  ant! 
how  far  is  the  necessity  for  this  power  hkely  to  tak.-  th  •  toini  .  t  a  .1. maiid 
(,)r  i-ioctric  i>.)\vrr  >  T!u  n  ay  iin.  what  intluencc  will  the  mhuiI  hal>il>  ami 
circumstances  of  th.-  mliabitanls  havo  u|x>n  their  deman<l  for  eUctric  power 
for  lighting  riuix)MS  doni.stic,  i«il)lic  and  industrial,  and  for  electric 
traction— in  their  I'ailv  a\ocations  ? 

On  tliese  and  lumerous  ot'ier  points  the  data  will  differ  intiiutely  in 
(lilli-ient  localities  ami  it  is  not  iK»sihir  to  .L;ivi-  tif^mv^  gomiaily  applw"- 
able.  The  data  an.l  records  are  u^.ually  M  t  toith  ui  (  uiv.s.  the  v.rtteal 
ordinates  of  which  indicate  the  load  in  kilowatt^  an.l  thr  lu.n/ontal  -nu- 
nates  th.'  tun.'.  The  cur\es  are  known  as  "  load  ciuvi-s  "  or  "  load  .lui- 
gram-.  '  and  arc  replete,  to  those  who  can  read  them  aright,  with  deta-te 
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NOON.  M.ON.UHT. 

Fig.  4jj.-I.oad  Ui»gr«m  for  a  "Lighling"  tW  m  Winier. 


of  the  MKial  in.l  iTvhistnal  conditions  of  the  districts  to  which  they  refer. 

A  few  exanii'l'  -  ^^'i'  "''^  '  .    ,  . 

In  Fig,  435*  such  a  curve  for  a  station  loa.led  almost  entirely  with 
a  li  'hting'  !oa<l  is  shown.  The  curve,  which  is  for  a  mid-January  <lay. 
starts  from  r.M.r.Kl.t  <  n  tlu-  '  It  hand  si.V  and  extends  to  the  (ollowng 
midnight  on  the  nght-l.a.ul  side  thiou.i,  the  intervemng  twentv-f.nir 
hours  I'p  to  5  o'clock  in  the  afternoon,  v.ith  tlu  exception  of  a  \vM  n-e 
•rt  the  breakfast  !>.  lod  between  6  a.m.  and  8  a.m..  the  cmve  is  almu>t  level 
and  very  low.  -M  5  P m.  it  begins  to  rise,  and  rises  rapidly  lietween  4  P 
and  5  p.m.,when  darknes.  clone  s  in.    Tlu  re     a   lower  i-e  from  5  r  n,.  f  i 

,1,.,;.  -m.  after  which  the  curve  falls  >lowly  until  iuidni^;ht.    .  ucli 

a  curvt>  is  obv^ou^lv  a  rii-.ve  of  the  residential  part  of  a  district,  with  very 
little  AioY>  I'^htiiig.  anu  with  n.>  power  load  worth  mentiomng  during  the 

ii  /urs  of  da^  '  lUi 

•  Thi..  a.,u  ...m.  ..I  ,l,c  f..!,..«inK  cu.vi,  ar,-  taken  from  pai-us  m  /A*  l)  o.. 

«hr  Fi~  ^ric  SutqJy  «rf  London  by  Mt.  i'earson. 
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Thn  importance  of  some  of  the  usos  which  may  be  made  of  such 

,1  (  iiiM-  all-  -Imwii  in  1  u'.  4.;ii,  \\lii<  li  tlic  In.ul  iliamam  [i>r  anotlni  .li-tiiit 
in  Lmulon  i-ulliam  lor  a  DcnnilHr  day.  In  \\\\-  nwtaii.i-  tlu'  dilki- 
cnce  between  the  hiRh-pealc  loail  in  the  early  evening  ami  tlie  day  litad  up 
t.)  \  ji  111.  i-^  lint  s(,  iiiark.d  a^  in  1m|,'.  435.  showing  tlu-  existence  o(  a  power 
1.1,1.1  duiiiig  fill'  day.  aii<l  ail.litional  evi.lence  of  this  jwwcr  load  is  given 
by  the  dipresMoii  diiiiii;;  tiie  dinner  hour,  hi  twct  n  1  p. in.  and  I> m.  What 
is  cspocially  interestinf;  in  this  diagram  is  that  the  capacity  of  the  plant 
wliich  has  to  be  nm  during  different  jicrimls  is  <>hown  by  the  dottctl  line, 
fr.iin  whi.  li  it  will  he  set  11  that  (xxi-kil.matt  plants  were  runi'in.L;  from 
12  niithuglit  tt)  1.41)  a. in.,  at  which  lime  the  running  plant  was  reduceil  to 
300  kilowatts,  which  served  the  purposes  of  the  station  until  5.30  a.m,, 
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Fig.  4j6.    Load  Diagram  showing  Capacity  of  Plant  Actually  Kunning, 

when  .in  additiiMi.d  ji  .  kilowatts  was  st.irted  in>  an.l  run  till  a  little  after 
to  a.m.  At  10  a.m.  the  load  allowed  the  runiiiiiL;  plant  to  be  reduced  to 
jiMj  kilowatts,  at  which  it  imuiineil  for  over  live  hours,  iiiilil  .5.15  p. 111., 
when  a:;  adtUtional  300  I  ilowatt  unit  had  to  be  brought  into  action,  to  he 
followed  by  the  bringin ;  ai  at  4  i).m.  of  a  further  750  kilowatts,  making 
1^350  kilow  it'  1;  all.  Ihc  w' .'le  1,350  kilowatts  w.is  kept  fairly  will 
employed  imUi  11.30  pin.,  wlun  a  was  i.  luceJ  to  duo  kilowatts,  lasting 
until  midnif.'!  t,  after  which  the  cycle  would  start  over  again. 

l  uM  otiu  r  !  !■  t>  enier^^'e  from  tlu;  diagram.  First,  the  space  between 
th<'  dotinl  liiu-  -ui'l  thr  1  \irve  n  pii-.  iits  t!i<'  idle  power  of  the  plant  running, 
wliu'li  IS  not  btiiii;  utilised  at  the  tinir,  or,  U<  put  it  in  (Jtliir  WDrds.  the 
under-loading  of  the  running  plant.  Secondly,  there  is  draw  n  horizontally  on 
the  diagram  a  chain-dot  'd  line  which  is  the  avenige  load  line,  and  which  shows 
the  out  put  lit  1  he  plant  w  liii  ii  wiiuM  ii.ive  supplied  the  wiuilr  of  l\v  l.iily  load 
ItuU  that  load  bccu  constant  throughout  the  whole  of  the  tweuty-four  hours. 


D/AGKIM.t  or  COMMIHMD  P,.»  f;it  AlTf  tjC,HTI\r,  t.O.*nS  41J 

Tliis  -I  I II  tn  111'  .lU'ut  =;(<i  kilowatt'*,  --o  ili  it  li'i  i!>"iit  iiii. .  n  h.  mi  -  i  \\\\ 
{li.iiit  li.iil  to  Ix'  iu>t.ill<'il  .iitil  nut  ovt-r  .uiil  .iIhivo  that  vvliu  Ir  ui>ul<t  have 
Mi]>)<hril  thi'tot.il  cm  ruv iK-m.^niltil  if  ontv  tlii'*  ciktl'v  IluI  I>««u  t.iki  n  at  .i 
uirli'iiii  I  ilr  lh'<niL;himt.  Ihi-^  i\lr.i  iil.iiit,  I'li'Iiii.l  in..  ,iiv  !  '.  iIh' 
nil  i;iilai iiy  of  the  lo.ul.  is  a  inoaMirr  oi  the  uu  h  mm'  i  .ium'iI  tlu  u  l«y  m  the 
capital  rh.VR**  for  miming  plant,  ami  imulontally  for  bnjlilini;<i. 

I\i  li  11111:^  baik  to  Fij*.  435,  with  tluM-  nnisitkratioiH  in  viiw,  it  wouUI 


ttlDNIOHT.  NOJN.  MIONIOHT. 

Fig.  4:7.-  (-umhitifj  Pow'^r  am)  LiKhtine  T.oiiil  <"urvr  in  l.<in*lon. 

br  obvious  that  the  load  curve  in  that  figure  is  vt  ry  ilisadvantagoous  to 
tlu!  economical  workini,'  of  the  station,  inasiuni  h  as  mu  h  a  curve  necessi- 
tates the  h-int;  idle  of  a  f;reat  amount  of  plant  duriiii,'  the  i;reatrr  part  of  the 
t\veiit\  -(iiiir  iiotirs.  Moreover,  the  1  iir\e  was  for  a  mid- J .iiMiary  ilay  when 
the  liours  ofhghtin^  are  heavier  than  at  luiilsumnier.  aiul  theu  fore  n  pri  seiits 
one  of  the  most  favourable  days  for  the  particular  conditions  of  the  station. 

liie  ideal  '  .el  iiidiiated  hv  the  iiori/ontal  hue  of  the  avna^e  load 
shown  in  Fig.  4J().  Ihis  ideal  will  be  the  more  nearly  appu>ximatt'd  lo 
the  more  level  the  load  curve  of  the  station  becomes. 
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50,700 


i  32,400 


1  e,  2U0 


It  is  obN-ious,  then,  that  what  is  required  from  this  point  of  vncw  is 
to  obt.ii.i  A  heavy  dav  l-,..!.  an.l  that  this  wouM  be  most  favourable  to  the 
station  if  it  could  bo  taken  ott  %vlu  u  tlu^  lumis  of  darkness  intervene  and 
the  peak  of  the  hghting  load  is  comin-  on.  The  cuivts  in  I'l-.  437-  t-ikon 
from  th.>  samn  station  as  1m«.  show  this  very  clearly.  Ihe  station  is 
sitvuird  at  W.St  Ham,  in  the  East  End  of  London,  and  the  curve  given 
in  Fiu  435  is  tlir  lowe.t  curve  on  this  diagram,  Tlie  curves  above  it  are 
drawn  at  intervals  of  about  one  year  apart.  a:iJ  ;  how  the  progressive 
ch.inc'e  in  the  character  of  the  load  due  to  the  cultivation  of  customers 
r.  ;iiirin-  jMiwer  durint^  the  .lav.  The  liiial  thick  Unc  curve,  dated  January 
lOih,  1907,  is  very  in>tructive  from  this  point  of  view.  But.  first,  it  may 
'  be  noted  that  tlie  bad 

character  of  the  curve 
in  Fig.  435  is  not  en- 
tirely due  to  the  dis- 
trict, but  rather  to  the 
fact  that  in  iQoi  the 
power  load  had  not 
been  cultivated  and 
developed.  Exaniinili!; 
in  detail  the  thick  line 
curve,  it  will  be  noticed 
that  after  a  low  in- 
terval between  1.30 
a.m.  and  5.30  a.m.. 
there  is  a  rise  up  to 
7,30  a.m.,  and  that 

F«.  4       e  l'.m.r  and  Li^l-.h  I  toad  Cm>c  in  No«  York.         ^j'^,^^   t|,prc  is  a  slight 

dip,  probably  due  to  the  shutting  down  of  some  motors  on  account  of  the 
breakfast  hour  at  the  factories.  After  this  the  day  load  rises  steadily 
until  lo  a.m..  and  continues  fairly  ste.ulv  until  u  noon,  when  there  is  a  fall 
until  about  2.30  p.m.,  due  to  the  iuter\ fiilion  of  dinner  hours,  the  greatest 
dip  occurring  at  1.30  p.m..  after  wiiu  h  the  n.oriung  load  is  rapidly  recovered, 
to  be  tollow  (1  bv  tile  peak  load  which  occurs  at  5  p.m.  and  is  caused  by  the 
lifTiiting.  The  somewhat  rapid  fall  between  5  p.m.  and  7  p.m.  is  probably 
due  to  the  taking  off  of  a  large  part  of  the  motor  Io.kI.  .\(trr  S  o'clock, 
due,  first  of  all  to  the  closing  of  the  shops,  and  later  on  to  tlic  diminution  of 
doniestic  requirements,  the  curve  very  rapidly  drops  until  midnight. 

It  is  interesting  to  compare  this  ( urve  for  an  industrial  and  residential 
district  in  London  with  a  simil.u  midwinter  curve  for  the  Edison  waterside 
station  in  New  York.  The  Ameru  .m  curve  is  given  in  Fig.  43S.  and  bears 
a  geiu  r.d  resemblam  e  to  tlie  London  curve  of  Fig.  437.  It  is,  however, 
much  smuuthcr,  because  the  total  amount  of  power  being  handled  is  voy 
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much  greater.  Tlu'  <'lurf  diffcronco  i'^  in  thr  ( li.n.irt.  ii^tir  I'f  the  i><  .ik 
load,  wliiili  in  New  York  is  very  ^\\m\>  at  .iIhuU  5  in  tin-  aluinooii  and 
f.ills  rai)idly  at  7  <  .lock,  showint;  that  tin-  i...\s.r  and  liKhtini;  loads  wtre 
oiilv  on  for  tlii^  ^-In'ii  tunc;  Miimh.in.  uu-lv.  ircni  whu  h  it  inav  l'<- d.  duccd 
tiuit  the  greater  part  of  tlu:  load  up  to  4  t.  t  In,  k  i>  .1  pown  Und.  and  alter 
(..  50  a  lighting  load.  The  existence  of  such  a  sharp  peak  is  very  much 
against  ccononueal  capital  cliar-es  at  the  generating  station. 

The  genenil  character  of  a  ta,  tory  load  is  shown  in  Fig.         which  is 
the  day  load  curve  for  a  textile  mill  ui  VuikMiue.    Hie  ruiw  onlv  ,At.  uds 
from  6.30  a.m.  to  6  p.m.  At  6.jo  a.m.  the  full  loa.l  conu  s  on  (pnte  ipiu  klv. 
and  lasts  until  breakfast  time,  a  little  after  8  a.m.    With  an  interval  of 
half  an  hour  uiilv  the  day  load  co:n.'s  011  .m.iin  until  tlie  dinner  hour,  whuh 
appears  to  be  between  I2..;u  p  in.  and  1,10  p.m..  alter  which  the  .ifteriKx  n 
load  comes  on,  and  with  but  -li^ht  variation  continues  sfcidy  until  (>  p  ni., 
when  the  load  is  taken  off  entirely.    The  jagged  appeai.iiu  .  ..t  ih,'  .  ui\i  is 
due,  of  course,  to  the  starting  and  stop- 
ping of  se[>ar.ite  machines.     It   will  be 
readily  understood  that  this  cur\e  super- 
imposed  upon  the  cur\-e  of  Fig.  4.^5. 
wouKl  very  miuh  improve  the  load  dia- 
gram of  that  figure  if  the  orchn.iti-  <if  the 
superimposed  curve  were  only  hii;h  enouj^h. 

So  far  we  have  been  dealing  with 
Mirve.  'liowing  nudwintcr  or  nearly  mid-    ^    ^  ...u  wof..  K.u...,y. 

winter  loads,  but  from  what   ha>  been 

said  it  is  obvious  that  these  curves  will  be  .ul.ject  to  se.i^onal  v,inalion=  >o  far 
as  thev  are  affected  bv  the  load  being  partly  retiuired  for  lighting  purp.ses. 

Th"e  diliereiice  between  a  midwinter  and  .1  midsummer  series  of  curves 
is  very  well  given  in  l-^'s.  440  and  .,41,  which  show,  for  successive  years, 
the  midwinter  and  nu.lsumnur  lo.id  .hai^raiu-  ot  the  ekvtnc  supplv  ^t,lllon 
of  Poplar,  a  district  in  the  middle  of  the  Ka>t  lind  of  Luud..n.  lucideul- 
dly  the  curves  shcnv  the  <le%Tlopment  of  the  station  in  successive  years ; 
but   conhning  our  attention  to  the  topmost  ciuv,-  in  .  .uh  diagram,  the 
i)oint  we  are  interested  in  at  the  in-m.^nt  is  the  dip  m  the  ini<Kiminier 
curve  due  to  the  absence  of  the  lighting  load  which  w  prcMut  in  the  nud-.v  u>i.  r 
curv  e.   The  midsummer  curve,  in  f.ict,  lo'.ks  very  hke  the  curve  of  the  ti  xt  ile 
mill  (Fig.  439).  between  (.  a.m.  and  t.  p.m..  with  the  exception  that  the  r.>e 
of  the  load  after  the  breakf.i^t  hour  and  the  cIomuu  dovMi  m  the  .dtmioou  is 
more  gradual.   A  good  deal  of  the  ixjwer  having  been  t.ike!i  oil  .-y  <.  p  in., 
the  iv'xt  peak,  not  a  verv  high  one,  occurs  at  0  p.m.,  when  artihcial  hglit  is 
rrquiied  iu  Lond<m,  even  in  midsumm.r.    Alter.,  p.m.  Hi-  demand,  tor 
hght  dimuush,  but  remain  fairly  heavy  until  2.J0  a.m..  an  ludicalion  ot 
social  conditions. 
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A  similar  difference  in  the  load  curves  for  midwinter  an'J  midsummer 
at  the  t  ity  Road  Station,  planted  in  an  industrial  district  in  the  middle 

of  I.oiuiOM,  is  shown  in  I'i,!,'.  442.  whit  h  the  rcmUr  will  find  interesting  if 
studie  '      detail.    An  earlier  dinner-hour  1     ivarly  indicated  in  the  inid- 
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Fil.  440.-Succ«tsive  Midwinter  LoaJ  Curves  in  Pupl.ir  (I.on.lun). 
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summer  curve,  and  Ukewise  the  comparative  lightness  of  the  afternoon 

factory  load.  „ 
Even  the  days  oi  the  week,  as  might  be  expected,  have  their  mfluence 
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Fig.  441.— Successive  Hidsammcr  Load  Corves  in  Poplu  (ImAob). 

on  the  load  curves.  I'assint;  over  Siiiulays,  which,  obviously,  in  England,  will 
have  special  load  curves,  accordmg  to  the  locality,  the  differences  between 
Saturdays  and  mid-week  days  is  strikingly  shown  in  Fig.  443.  in  which  the 
two  thick-line  curves  give  the  loads  on  the  Waudsworth  (London)  Station  on 
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a  Saturday  in  Dcccnihir  ami  June  rosjH-ctivcly.  The  two  thin  lino  curves, 
on  the  other  hand,  give  two  corros|Kjnding  curves  for  Wedncsdaj-s. 
]!(.th  in  Dn  ember 
and  June  the  in- 
tluence  of  late 
shopping  and  the 
Saturday  evening 
aMHi>eiuints  ami 
pleasuring;  in 
keeping  up  the 
load  on  tin 
station,  as  well  a- 
in  raisinf,'  tli<' 
maximum  load,  is 
very  marked.  In- 
eiilentally,  the 
seasonal  variatiuu 
between  midwin- 
ter and  niidsuni- 
ini-r  is  also  shown 
by  these  curves. 

The  sea.sonal  variation  is  shown  more  in  detail  in         441'  ^^'I'-^I' 
plotted  from  the  weekly  output  in  kilowatt  hours  of  the  How  station  of 
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the  Charing 
Cross  Company. 
This  station, 
although  itself 
in  the  East-end 
(if  I.dnilon.  Mer\(S 
a   l.uye  district 
in  the  city  and 
further  west  in 
the  metropolis, 
liie   load  curve 
is  the  one  drawn 
with  the  full  line, 
and     pr.K  tidily 
expl.iins  itself. 
With  variations 
fioiu     wi'k  to 
wrck  there  is  a 
rapi.!  f.dl  in  the 
load  from  mid- 
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February  to  mid-April,  after  which  the  load  falls  more  gradually  until  July, 
and  then  begins  to  rise  'ijain  as  the  hours  of  daylight  shorten,  returning 
to  the  full  winter  load  about  the  third  week  in  November.   The  curve 

ends  in  December  a 
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little  higher  than  it 
started  in  January,  the 
difference  bang  due  to 
permanent  additions 
to  the  load  during  the 
year.  The  dotted 
curve  is  also  of  in- 
terest, for  it  shows 
the  weekly  coal  con- 
sumption, plotted  to 
the  kilowatt  scale  at 
the  rate  of  4  lb.  of 
coa!   to  the  kilowatt 


Z  200 


1,170 


hour.   It  shows  how  closely  the  coal  consumption  follows  the  load,  as, 
indeed,  would  otherwise  have  bcf.n  expected;  and  it  is  also  interestmg 
as  showing  that  throughout  the  year  the  consumption  is  less  than  4  lb.  of 
coal  per  kilo- 
watt-hour. 

The  same 
influence  of 
the  seasons  is 
shown  instill 
greater  detail 
in  Fig.  445, 
inwhichthere 
are  twelve 
load  dia- 
^ams  giving 
the  mean 
daily  curve 
for  each 
month  of  the 
year  1903. 

The     curves     „.„r.nL/  ------       ^^^^  mionioht. 

are  taken 
fromtlieNep- 
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Fig.  ^4'.— Influence  of  For  in  November  in  tendon. 


tune  Bank  Power  station  of  the  Newcastle-upon-Tyne  Power  Company,  and 
will  well  repay  careful  study.  An  analysis  of  the  curves  shows  that  80  per 
cent,  of  the  energy  supplied  was  supi^ied  at,  or  below,  the  normal  or  average 


load  on  the  station,  and  that  only  20  per  ctnt.  was  suprliod  above  this 
average  load  «p  to  the  peak  load,  which  was  about  double  the  average. 


Fig.  445. -l^d  Cmt»  on  Typical  D»y  for  Each  MtmA  n  .goj,  Nfptntie  BanV  Pnwrr  Slaiion. 

It  is  further  obvious  that  climatic  influences  from  day  I0  day  will  nl-O 
affect  the  load  curve ;  but,  in  addition  to  the  risk  o£  being  tedious  by  ovei- 
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cliilx)iatinR  so  many  points,  space  will  not  alli)W  us  to  go  into  much  detail. 
In  these  islaiuK,  and  especially  in  London,  tl>c  particular  climatic  influenc* 
which  may  suddenly  and  witliout  am-  warnini,'  throw  an  niu  xpectcd  an  ! 
heavy  load  on  the  station,  is  a  diii-e  fog  occurrinf;  during  the  daytinn 
In  Fig.  446,  will  bo  found  a  verj'  striking  instance  of  two  load  (  urvcs  taken 
oil  the  same  days  in  different  j-Tts  of  London,  in  one  of  which  there  was 
a  dense  fog  and  in  the  other  fairly  bright  sunshine,  although  the  date  wa- 
the  30th  November. 

The  use  of  such  load  diagrams  will  now  be  apparent  in  connection  witii 
our  general  stibject.  When  planning  a  new  station,  it  is  desirable  that 
hypothetical  diagrams,  based  upon  the  social  and  industrial  coiidition^ 
prevailing  in  the  district,  should  be  drawn,  and  from  these  the  best  arrange 
ment  of  plant,  especially  as  regards  the  size  of  the  units  to  be  installed, 
should  be  deduced.  The  diagram  should  also  give  some  indication  of  the 
provision  to  be  made  for  dealing  with  the  peak  loads,  either  by  the  installa- 
tion of  additional  machinery  or  by  the  use  of  storage  batteries  or  otherwise. 

Load  Factors. — The  effect  of  the  load  diagram  ujx)n  the  working  of 
the  station  is  usually  summed  up  in  what  is  known  as  the  "Load  Factor," 
which  may  be  defined  thus  :— 

I  o  id  Factor  —  units  generated  per  year 

~  maximum  load  x  hours  per  year  (S.y(w>)' 
The  higher  the  load  factor  the  more  favourable  is  the  average  load  diagram 
of  the  year  to  the  economical  working  of  the  station.  The  factor  obvnously 
dejieiKls  upon  flie  ratio  of  tlie  average  load  taken  throughout  the  year 
to  the  maximum  load  demanded  at  any  particular  time,  and  this  depends 
very  largely  upon  the  way  in  which,  and  the  times  at  n-hich,  the  different 
consumers  require  their  electric  energy. 

Diversity  Factors. — As  bearing  ujwn  this  question,  it  is  now  considered 

desirable  to  take  account  also  of  what  is  known  as  tlie  "  Diversity  Factor,"  a 

factor  which  embodies  an  attempt  to  put  into  figures  the  influence  of  the 

diverse  demands  of  the  consumers,  both  in  time  and  in  quantity  of  power 

required.    It  is  defined  thus: — 

T^.      -x    r   A.       ^i""  of  the  maximum  loads  of  all  the  consumers 

Diversity  Factor  =  -.  . — j  — r-,.  . 

maximum  load  on  the  station 

The  effect  of  the  diversity  of  the  demand  up<in  the  final  load  curve  is  \ ,  ry 
well  shown  in  Fig.  447,  which  is  taken  from  the  Thornhill  power  station 
of  the  "Y  orkshire  Electric  Power  Company's  system.  The  power  of  dif- 
ferent classes  of  consumers  is  shown  in  the  various  curves  at  the  lower 
part  of  the  diagram,  the  load  at  the  station  being  shown  by  the  thick  line 
curve  at  the  top.  I'he  various  sections  of  ]M)Wer  are  :  (a)  a  colliery  load 
for  coal  cutting,  etc.,  shown  by  the  fine,  dotted  curve.  This  load  practic- 
ally ceases  after  2  o'clock  in  the  afternoon,  though  a  small  supply  is  taken 
between  4  p.m.  and  7  p.m.    In  addition  to  this,  there  is  {b)  a  lighting  load 
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Miowii  by  till  lu  avv  ilottrd  curve;  tliis  liris  llif  n-ii.il  cliarai  ter,  to  which 
reference  has  alrcailv  Imi  ii  iii.kIc,  iin  In  lini;  .1  lu:;li  |m  ,ik  iM  twccii  4  p  m. 
jind  7  p.m.  The  m-st  tyi>e  rf  load  is  )  tin-  mill  Iu.kI.  the  » liarai  li  i.>tn:s 
of  which  have  In'cn  already  dealt  with  in  I'if;.  4311,  and  which  is  shown 
•main  ill  I'll,'.  447  I'V  till'  tiiir-liiii'  (  iintMiuiMH  i  iiiAc.  l-':ii.illv  :1m  n  h  (7)  a 
colliery  puinpiii);  load  wliic  li  is  pi  ilntK-  -tc  iily  llMi>iii;iioui  tin  twi  iity- 
four  hours,  except  that  it  is  t,ik«  11  oil  cutiii  Iv  In  iwrru  4  p. 111.  .md  7  jviii.. 
the  time  of  the  high  jioak  of  the  linliliiii;  load.  Tin-  u'>iilt  ol  tin  tour 
tyiK-s  of  load  is 
that  the  liiial 
curve  of  the 
station  is  an  ex- 
trciiuly  fa\our- 
ablo  one-  nuicli 
more  favourable 
than  would  be 
f,'iven  by  any  oi 
the  individual 
curves,  with  the 
exception  of  the 
l)uin])iiig  load, 
which  is  abso- 
lutely steady 
whilst  the  pumps 
are  in  operation. 

To  sum  u]) 
this  sect  ion  of  the 
subject,  reference 
iiiav  be  made  to 
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the  results  obtained  in  i(,o(i  by  Mr.  H.  M. 


Hob.nt,  who  by  an  elaborate 
analysis  of  the  statistics  av.iilable  from  a  numbi'r  of  tN  ine  d  tow'iis  in  Great 
Britain  and  on  the  Continent  of  Eurojx-,  arrived  at  the  loUow'ing  estimate 
of  the  probable  annual  demand  for  electric  energy  in  a  hypothetical  town  of 
1.000.000  inhabitants  Kilowatt  hours 


For  interior  electric  lighting 

For  street  lighting 

For  surface  electric  tramwavf 

For  electric  railways 

For  electric  power 


1  I  ."OO.OIK) 
2.(J()o,ooo 
16,000,000 
43,000,000 
3,500,000 


Total    , .       . .  77,iuo.<)oo 
He  further  pointed  out  that,  in  eiew  of  the  jncvious  ratt    of  develop- 
ment, it  would  be  reasonable  to  expect  an  increase  of  50  per  cent,  in  tlie 
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10,000 
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annual  demand  during  the  next  ten  years.   The  figuies  given  arc  Wd 

..n  av.  raRis,  and  are  ff.r  t-nvns  onlv.  but  thoy  are  very  mter.  sting  as  show- 
inc  the  general  trend  for  the  casi-s  dealt  with.  As  already  pointed  out. 
^  however,  each  individual  ca  . 

must  be  dealt  with  on  its  merit., 
in  deciding  the  sixe  of  station 
to  be  erected  initially,  and  tin 
provision  to  be  made  for  ex- 
tensions. 

An  interesting  commentary  on 
the  calculations  and  prediction- 
of  Mr.  Hobart  is  f;l^  ■  n  by  a  cum 
parison  of  the  load  curves  for 
the  Dcptford  generating  station 
of  the  London  Electric  Supply 
Corporation  and  the  Grosvenor 
Gallery  Generating  stati<ni,  its 
predecessor   twenty-four  years 
earlier.    The   two    curves  are 
given  in  Fig.  448,  and  the  in- 
crease has  been  so  great  in  the 
interval  of  nearly  a  quarter  of 
a  century  that  the  details  of 
the  small  curve  are  not  very 
clear  on  the  small  scale  upon 
whirh  it  has  to  be     awn.  It 
is  not,  of  course.  sii),r.,>sted  that 
this  comparison  provides  any 
data  for  present-day  calcula- 
tions ;    the  interest  is  purely 
historical.     It   may,  however, 
be  pointed  out  that  the  later  curve  is  a  typical  London  curve  for  a 
West-end  residential  and  club  district. 

IV.  (i.)— STEAM-DRIVEN  ST.VTIOXS 

These  constitute  the  great  majority  of  the  stations  erected  up  to  the 
piv^ent  time,  the  second  place  h.  ing  taken  by  the  hydro-electric  stations, 
and  the  gas-  or  oil-dnvcn  stations,  cominf,'  a  long  way  behind.  Whether 
the  present  rapid  development  of  internal  combustion  engines,  inchulmg 
the  well-known  Diesel  .Mii;ine.  will,  in  due  course,  seriously  affect  the  pro- 
portion of  the  three  tyi)es,  remains  to  be  seen.  The  advantages  and  dis- 
advantages of  each  type  will  be  referred  to,  each  in  its  proper  place. 

In  steam-driven  stations,  the  main  operations  can  be  brieHy  summed 
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up,  anil  are  niatfcrs  of  oinimon  kmnvlfd^''.  Tin"  si'uuf  of  tlic  riirtj^'V 
use<l  is  fuol*  in  tht»  form  of  coal,  or,  to  a  minor  extrnt,  minriat  "vi.  wixhI, 
jv  at  or  ntlici  fiu  l.  Ttif  first  ti,in>fi>rination  is  to  oonwrt  tlw  t  in  u-v  of  tin- 
fvii  1  into  the  fntTf^y  of  heat,  as  >tiinii  in  stram,  by  nwans  of  steam  lai^iiiK 
(ilant  ;  the  st'conii  is  to  convert  tlic  eiicriiv  of  the  -ti'ain  into  nn  i  Imih,  .il 
energy  by  means  of  stcamH-nKines,  whether  recipocatiiiR  or  rotary,  ami  the 
final  transformatif)n  is  the  conversion  of  the  m«'chanical  eneri;v  into 
(In  tiiiMl  en(ii,'V  l>y  in-  ins  (  t  S'i-<m11ii1  el  cine  tjenirafiTs.  TIik  U^.k  is 
chii  tlv  coiiceriud  witli  llie  la^t  of  tlii-^'  tran>foniiallon<,  .inil  the  d.  .ilii 
anil  coiislruclion  of  the  fjen- ralors  lia%e  In  en  very  fully  tic  .it. , I  mi  the  two 
preceding  chapters.  The  other  two  transformations  are  e<|iially  inijioitant, 
and  lluir  trca'  nent  in  as  ftiH  detail  would  require  a  similar  amount  ut 
^^l,lCl•.  Allliouf,'li.  however,  the  problem^  and  the  prnicipli  s  iii\ol\rd  .m 
lull  of  interest,  and  at  times  fascinating,  the  inteie^l  and  tlie  fascinat  i;  m 
are  of  a  kind  different  from  that  aroused  by  our  ntain  object.  We  nni>t, 
for  details,  tlierefore,  if  onh  because  of  considerations  ol  space,  reh  r  our 
leaders  to  sjiecial  treatises  on  >teaiii-rai-ini;  plant  and  steam  eiiL-nn  -.  .iml 
confine  ourselves  in  what  follows  to  such  bmad  outlines  of  the  rnaiii  ph.b- 
Icms  and  their  solution  as  may  seem  desirable  to  a  clear  understaiidmt^ 
of  the  subject. 

At  each  end  of  the  chain  of  transform  i; inns  thi  re  Iw  s  i  pri'Mrm,  <  leli 
of  which  nmst  have  its  inthience  ujxmi  the  important  qui  -iinii  ni  th.-  !•  i  i- 
tion,  as  distinct  from  the  particular  site,  of  tlie  st.ition.  l.t  toit  \\>  i  m 
start  our  transformations,  we  must  obtain  a  supply  of  fuel,  and  when  the 
transformations  are  accomplished.  We  inu>t  utilise  in  the  service  of  man 
the  electrical  energy  we  ha\e  obtained,  lln  larilities  tor  iicli  inih-  luii 
and  the  possibilities  of  tht  ir  fut  -re  development  are  the  0)ntriilliiig  tai  us 
in  determining  the  size  of  the  station,  and  the  provision  to  b*-  m  ule  lor 
extensions. 

At  the  other  end  of  the  chain  there  is  the  ]ii..M.  ni  ot  In-  1  n^yW  in 
dealing  with  which,  not  only  the  general  Incain'ii.  but  tin  |iriuli,ii itn  s 
if  the  particular  site  must  be  carefully  considered.  It  i^  absolutely  e>M  iitial 
that  the  fuel  should  be  delivered  with  the  least  possi\)le  exjxnditure  for 
carriage,  and  in  this  connection  it  is  well  to  rememlx  r  th.it  w.iti  r  c  un  K  r 
is,  as  a  rule,  much  cheajx-r  than  laud  carriage.  Tlie  an  aiigeiiieiit^  lor 
handling  the  fuel  economically  when  it  has  reaclutl  the  station  are,  of 
course,  p.iit  of  the  plan  of  the  station,  but  tlu  v  jiartU-  dep.  iul  iiiioii  tlie 
method  by  which  the  fuel  is  brouglil  to  the  M.ition,  .md  ihe  two  pi.dil.  ms 
should  bt^  crmsidered  together. 

As  influencing  the  choice  of  the  site  of  the  station  it  is  obvioii-  th.it  a 

*  It  is  <if  rnursc  alw;i\s  In  U-  l»irn'  in  iiiiiul  tli.it  tiul  \<\  il-ilt  i>  ii"t  ;i  vourr.-  ol  .  m  i, .v.  ;..r 
it  would  lie  usclis.s  wilhniit  .1  |ir.ictir.il!>  iinllniili  cl  supply  of  tht-  i.\v(;cii  uf  the  atni'.'-iilurr.  In 
iiviiiil  circunilocwtiiin,  liewive;,  it  is  usual  to  emit  nil  refinnci-  tu  tin-  ni<  i.ss;iry  air  cvceiit  whtn 
nl.ll^lnl,'  r.-ilculations  and  anangcmcnts  for  its  supply  lo  ilit-  cumljubtiuii  tliamUrs. 
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good  supply  of  water  in  nrccssary  for  the  production  of  strtm,  even  thottgh 

tlir  >am<'  witi  r  lx'  ti-cd  ovt-r  ami  <iv<  r  ,it;.iiii  1)V  1« pa^xd  li.uk  to  tii. 
boilers  tlirougii  tlit-  condtiistrii.  It  must  also  bi'  nint'iiiUred  that  nu'diii, 
steam  plant  works  most  economically  with  good  condensers  capable  of 
pi' .hiring  a  liifrh  vaninm,  and  that  lot  this  purpose  a  large  quantity  ol 
clicap  cooiiii','  water  is  abs(>ltit«  Iv  essential.  Cases  have  occurred  in  which 
facilities  for  obtaining  clu  ap  l  adling  water  have  been  the  final  factor  in 
determining  the  actual  site  for  the  station. 

Plan  of  Station.— The  site  of  the  station  having  been  selected,  the  next 
principal  matter  to  W  d«tennined  is  its  division  btweeii  the  different 
sections  n<cessary  for  the  c.irrylnR  on  of  the  work,  i'lu'  main  sections 
are:  (i.)  the  steam-raising  plant,  for  which  a  boiler-house  and  its  aec  --- 
sories  will  be  requin  d,  and  (ii.)  the  engine  and  generator  room,  whicli 
usually  includes  (in.)  the  switch  gallery  and  its  accessor>'  chani^ycrs.  though 
the  switching  arrangements  in  some  of  the  most  recent  stations  are  in  a 
separate  building.  Administrative  ofhces  and  repairing  shops  may  also 
have  to  be  provided. 

The  greater  part  of  the  area  will  be  required  for  (i.)  and  (ii.),  and  the 
projiortion  to  be  assigned  to  each  is  important.  Tliis  projxirticn  iKpeiuls 
ujxjn  several  considerations.'  Resides  the  loss  of  energy  involved  in  the 
treble  transformation  referred  to  above,  one  of  the  great  disadvantages  of 
a  steam-dri^-en  station  is  the  large  amount  of  space  required  for  the  steam- 
raiding  pla  it  and  the  condensing  plant.  Kecent  developments  which  ii  ive 
reduced  the  space  necessary  for  the  engines  and  generators  required  for  a 
given  output,  have  accentuated  this  disadvantage. 

Tliis  changi  in  the  relative  ground  spare  required  by  the  two  largest 
sections  of  the  station  is  strikingly  illustrat  d  'n  Fig.  44Q,  which  gives  the 
ground  |dans  of  two  stations,  built  successively  by  tlie  Xew  York  Edison 
Company,  on  the  East  Kivcr,  in  New  York  City,  and  known  respectively 
as  "  Waterside  Station  "  and  "  Waterside  Station,  No.  2."  The  first  of  these 
was  opened  with  its  initial  equipment,  having  a  full-load  capacity  of  32,000 
kilowatts,  late  in  1901,  having  probably  been  designed  some  eighteen 
months  earlier.  Extensions  Were  contemplated,  which  would  bring  the 
capacity  of  the  station  up  to  64,000  kilowatts,  whicli,  at  the  time  of  its 
projection,  was  consi(Kred  to  Ix'  sufficient  for  the  demands  likely  to  arise 
for  many  years.  Within  three  years  of  the  opening,  however,  it  had  Ix  come 
evident  that  the  provision  was  not  nearly  sufficient,  and  that  a  station 
of  still  larger  capacity  was  required  in  addition.  In  the  interval,  short  as 
it  was,  tliere  had  taken  plao  a  rapid  develi'pnieiit  in  the  production  of 
steam  turbines,  so  that  the  large  reciprocating  engine  sets  which  the  original 
station  was  designed  to  accommodate,  had,  in  the  opinion  of  the  responsible 
engineers,  tv  en,  to  a  great  extent,  superseded.  Hut  it  ••  "11  be  evident 
from  many  of  tlie  particulars  given  in  the  preceding  p       that  a  tuibo- 
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Fii;.  449  — Plan  of  Twn  Snccntiw  Stat!  'M  in  New  Y  nlc  Ciljr. 

designod  with  the  relative  :l(  r  am!  i  iii^iiic-rc'  iii  pan  ^  n<]uiii  <!  }>%•  the 
new  conditions,  and  a  glam  i-  at  the  two  phiiH  i>  -nttieit  nt  to  enipliaMsc 
the  cliange. 

If  we  examine  the  plans  more  closely.  We  liml  that  the  ground  space 
occupied  by  the  two  boiler  rooms  is  i(j,7<io  and  39,900  squaie  feet  res{)ec- 
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tiv  U-  In  cilnilatinK  the  pround  space  in  th*  tMTo  engine  rooms,  the  side 
Xcl  (c  J  U  1^^^^^^^^^  ^-  -elided  in  both  cases,  these  having  set 

aS  hem  the  space  re.,uire,l  outside  the  huildinR  for  access..nes  con- 
SM\SrtS  ste^-rJng  plant.    NV.th  these  aj;---.  tW.^^^^^^^ 

room  areas  are  27.400  and  18.590  square  leti 
tin  in  the  original  and  in  No.  2  station  respec- 
tHi^-'-'  tiJ  tively.  The  ratio  of  engine-room  space  to 
boiler-mom  space  is.  therefore,  as  100  to  72 
in  the  orit;inal  station,  but  has  fallen  to  km, 
to  214  in  No.  2  Station ;  in  other  words,  m 
the  later  station  the  boilers  occupy  relatively 

three  tunes 
the  ground 
space.    It  is 
further  in- 
teresting  and 
important  to 
note  that  the 
two  buildings  cover  an 
over-all  ground  space  of 
53,500  and  ()<),5oo  square 
feet    respectively.  The 
rated  full-load  output  of 
the    earlier    station  \va> 
72.000  kilowatts,  and  of 
the  later  station  is  So.oot) 
kilowatts.    The  compari- 
son, hov;ever,  should  be 
between    the  overload 
capacities,    which  were 

(lO.OOO 

kilowatts  for  the 
t-ailier  station,  and  120,000 
kilowatts  for  the  more 
recent  one.  As  boileis 
cannot  be  overloaded  50 

,   .„ ,  per  cent,  like  turbo-alter- 

F«-  45--^-P^"^«°'„^'rS'X^^;r  nators,  if  advantage  is  to 

be  taken  of  the  ..verload  .  apao.ty  of  the  generators,  the  necessary  extra 
^r>il  f  c^pa  ity  must  be  available.  Hence,  the  boiler  space  m  the  No.  2 
1  '  .„  Hn  a  more  liberal  scale  than  in  the  original  station  A^.  lunvc-ver 
;t  '  -und  s-ce  <.<x.upi,.d  bv  the  l^-iler  room  is  nearly  doubled  in  the 
a  or"  a  n.  I  would  appear  to  capable  of  carr>-ing  a  heavier  load  than 
St  ttl^  above,  a  sup^ion  which  is  confirmed  by  noticing  that  the 
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enRine  room  can  ptulj.ihly  ;u"<'iiiumii(l,itf  i  itlu  r  mim'  m  1,iii,-i  r  iiiiil^.  In 
compariiif;  tlic  artual  Ixiilcv  ^paoc  in  tlitx-  ^tatimw  with  thr  similar  >]>ai"i' 
in  some  of  tliosi-  subsomifiitly  described,  it  should  U-  iiuUd  tliat  tlic 
boilers  in  tlio  WattTside  stations  are  on  two  floors,  one  over  thf  other,  thus 
(Uniiiiishinf;  the  amount  of  f^rnnnd  area  to  lie  envrird  tor  .1  -i\cii  steam- 
raising  capacity,  as  compared  with  a  station  ni  wluch  all  the  U'lUis  .11  e  on 
the  siime  level. 

Hefiire  leaving  Fie;.  440.  it  is  interest  in;,'  to  note  th:it  even  Ix  fore 
the  original  station  was  '  'Iv  eiinippeil,  tlie  ilevelo|)niei\t  of  "nbo- 
altcrnators  had  proceedid  so  mi  that  the  la  t  live  units  to  W  ii\sialled 
were  turbine  units  in  lieu  of  slow-spicd  reciprocating  engine  units. 

The  contrast  between  the  space  -  _ 

occupied  by  modern  tmho  i^enera-  ^    .         J  ^ 

tors  and  the  reciprocating  engine  ""T^;^-*- i  .-^^-^ 

sets  which  preceded  them  is  shown  'T  '^v  "  v* 

very  strikingly  in  Fig.  450,  whieh  ^  »  % 

gives,  side  by  siile,  the  end  eleva-  ,  •  ■  ji-  -j-^ 

tion  of  two  steam  general  mg  sets 
of  10.000  ic.  p.  each,  as  installed  in 
the  Deptford  g<'ncratinR  station  of 
the  London  Supply  ( drporation. 
The  large  set  was  built  in  it<.S(), 
and  the  small  turbo-generator  set 
ot  the  same  output  in  U)iz.  It 
is  interesting  to  note  in  passing 
that  the  iiS,S(j  set  wa-  the  tirst 
electric  generating  set  to  be  con- 

,       ,  ,  .  Fig.  451.— TurlwAltt-Tiiiitof  I  .iiiparea  wuli  a  Reimro- 

structed  of  so  large  a  size  as        "  ,  ..„„^  s. .. 

lo.dod  II.  I'.     .\  tintller  teature  ot 

interest  is  that  in  the  same  station,  a  little  e.iiiier,  h.ul  b.  en  laid  down 
for  the  first  time  large  generating  machines  generating  electric  altirnate 
currint  energv  at  the  high  pressure  of  lo.ooo  volts. 

This  contrast  between  ret  iprot  .it  '  si:ts  .uid  tuii>o  alternators  is 
shown  still  more  graphnally  in  I'ig.  4:tI.  Hi.'  s,t  shown  m  il.iik  tone 
is  a  turbo-alternator  set  standing  on  its  luuiul.uions  ami  of  the  same 
output  as  the  large  reciprocating  set  shown  in  light  t(me,  also  standing 
on  its  lountlalions.  The  illustration  nut  milv  emph.i-^iM  ^  the  ditliT- 
cnce  in  cubical  dimensions  between  the  two  sets  tlieiiisehes.  but  also 
shows  the  much  larger  and  more  ex^K'nsive  foundations  whuh  are  re- 
quired for  till'  reel proeat ill g  set  tound.itions  whieh  substantially  increase 
the  capital  cost.  It  will  be  readily  undeistood  as  has  alreaily  been 
j)ointed  out  that  this  (hfference  in  size  of  modern  generating  pl.iiit  and 
of  reciprocating  plant,  whicli  is  as  yet  by  uo  means  ancient,  proloundly 
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affects  the  relative  amount  of  ^pace  required  in  the  engine  rooms  and 
the  boil.T  nx.ms  of  generating  stations. 

Plans  and  some  details  of  the  plant  in  a  few  typical  stations  wiU  now 
be  given,  the  switching  and  controUing  arrangements  being  reserved  lor 
a  subsetiuent  section. 

London  County  Council  Station,  Greenwich.- ilie  cUagrams  gi%ci 

in  45  >  arc  tho  Kionii.l  i>lan  and  longitudinal  and  cross  sections  ot 
tlic  (liccnwich  gcn.ratnig  .talion  of  the  London  County  Counal  tram- 
ways as  designed  about  the  year  1903.    At  that  date  the  recent  dcvdop- 


I  ( ;r  'iiiid  IMin  aiui  Sect 


..f  the  r.rcenwith  Power  Sudon  for  th«  London  County 

■i  Traiiiways. 


ment  of  tmbo-j;.  ncratois  liad  not  takm  placr,  an.l  the  station  was  designed 
for  reciprocating  engines.  Tlie  plan,  tlien  foiv,  si...\v>  the  must  up-to-date 
arrangement  of  that  period  for  such  engines.  The  station  is  situated  on 
the  hanks  of  the  river  Thames  at  Greenwich,  and  a  special  pier  enables 
it  to  i.btain  its  eoal  supply  bv  water  carriage  direct  to  the  coal  bunker, 
shown  at  tlie  left  of  the  plan.  The  boiler  house  and  cngnie  room  are 
placed  side  by  side,  and  provision  was  made  for  them  to  be  extended 
siniultaueouslv  as  nece>..tv  rcpiired.  The  auxiUary  plant,  includmg 
the  pumps,  coal  bunk,  rs,  etc.,  is  all  collected  at  one  end  of  the  station 
so  that  the  boilers  and  their  corre>ix)nding  generating  sets  are  not  inter- 
fered with  by  it.  The  longitudinal  and  cross  sections  at  the  top  of  the 
hgure  give  .omc  further  general  details.    The  scale  of  feet  given  m  the 
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figure  shows  that  the  main  building  w.is  to  W  .ibout  41  h>  fci-t  long  ami 
about  225  feet  wide.  The  station  was  originally  dosisncd  and  equipped 
with  boilc  r  pltnt  f.ir  an  output  of  .;4,<">(i  kilowatt'^.  Thi-  cbinmoys.  four  in 
nuir.bcr.  aiu  placed  two  aiul  two  in  tlic  i.  utn-  ol  t  a^  b  liall  ol  tbo  boilor  liousc, 
and  it  is  interesting,  in  pa--iui,',  to  note  that  tiu  M-  rlunnu  v-  aif  piartically 
on  the  first  meridian,  and  when  subseiiuently  they  began  to  discharge  their 
heated  gases  into  the  atmosphere  tlu  y  disturbed  the  meridian  observations 


of  the  Ciiecnwich  Obscr\atory,  particularly  the  obr.ervatioiw  of  the  transit 
circle  from  which  Greenwich  mean  time  is  ca'culated. 

As  reL;aRls  the  relative  spare  for  lioilcr  house  aivl  engine  room,  the 
wiilth  is  very  nearly  the  same,  the  boikr  room  being  a  little  the  larger  ;  but 
the  cubical  space  enclosed  by  the  latter  is  very  much  iiiort>  luUy  occupied, 
a>  will  be  evident  from  an  inspection  of  Fig.  45.?.  which  shows  on  a 
large  scale  a  cro>s-  section  of  the  station  through  the  boiler  house,  engine 
room,  and  switch  and  apparatus  galleries.  fli''  boiicis  are  in  two 
ranges  on  either  side  of  a  central  gangway,  the  main  Hue  and  the  ecoiio- 
misers  being  on  a  higher  level  IcaiUng  to  the  base  of  the  chimneys, 
which  vat  350  (eet  high.   Each  boiler  can  evaporate  from  15,000  to 
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i(K^i>n  lb-<.  of  St.  am  ju  r  liour.  at  a  working  jirossure  of  iSo  lb.  per  square 
null.  The  ample  hi/e  of  tfie  auxiliary  fpal  bunker  abo%c  tlie  boilers  and 
the  space  provided  for  coal-conveyiiif;  plant  may  also  In-  nuti-d  in  the 
<li,i,L;rani.  Hi,'  >witrli  and  ai>paratus  galleries  ruji  alongside  the  wall  of 
the  engine  r(K)ni  remote  from  the  boilers. 

As  already  remarked,  the  station  was  planned  as  a  reciprocatiiif,'-enKine 
station,  and  is  being  rcferrnl  to  as  an  exam]>lr  of  sndi  .i  station.  The 
type  of  engine  originally  installed  is  shown  in  I'lg.  454.    liaih  gencratmg 
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set  was  made  up  of  two  surh  engines  driving  on  to  the  same  sliaft,  and 
with  the  alternator  between  them.  ICach  engine  IkuI  a  high-pressure  vertical 
cylmd.T  and  a  low-pressure  horizontal  cylinder  with  tlieir  (<,ni,<cting 
rods  driving  on  to  the  same  crank  pin.  Kach  complete  set  was  to  .U'veloj) 
.5.500  kiiow.iils  sv!,rn  running  at  .,4  k.  i:  m.,  aii.l  witli  .1  steam  pressure  ot 
IS,  II).  p,  r  >,iu,ire  inch,  and  jO-mch  vacuum,  the  steam  being  superheated 
t "  I- ,  riie  general  appearance  of  these  sets,  of  which  there  were  eight 
in  all,  is  shown  in  Fig.  455. 

It  is  a  sign  of  the  rapid  develo;  ..lent  wliirii  is  t  iking  place  tliat  since  the 
.ib.'x.  M  rijilion  was  rirst  printed  an  announcement  has  made  that 
four  01  the  reciprocating  engines  .sets  described  are  (o  1,,.  forthwith  (  hanged 
lor  turbine  sets.    The  details  of  the  proposed  changes  are  interesting. 
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I  arh  of  the  four  3.500-kilowatt  sets,  consistinK  of  the  couplod  reciprocating 

.  imnic^  ju-t  (Um  rihcil  ami  an  alternator,  i--  t«>  l>c  ip(i|.uci1  by  an  S.noo- 
kiltiwalt  turbo-alt cinat or,  thus  increasing  the  capacity  ot  tlu-  >tatioii  by 


Civ^^-i-Sc.  tiusi  of  liuw  Cjcneraliiii;  M.ilion. 

18,000  kilowatts,  or  from  .54,0^0  kilowatts  to  52.000  kilowatts.    The  reci- 
procating sets  originally  cost  £ii<),ooo,  whilst  tiio  cost  of  the  new  sets, 
i..i;i>tlier  with  the  cost  of  instalUng  them  and  of  some  necessary  consecpient 
( hangcs,   will    be  , 
£227,000.  The 
justification  for  so 
costly   a  change 
apart    fioin  the 
increase    in  the 
capacity    of  the 
■-tation  and  other 
things,  lies  in  the 
savint;     in  fuel 
which,  with  coal 
at  IIS.  per  ton, 
i>    estimated  at 
£11,430    for  the 
first  two  turbine 
sets    to    be  in- 
stalled,    a    sum  .   

which   represents  '"^ 

a  handsome  percentage  on  the  cost  of  the  sets  without  allowing  for  the 
selling  value  of  the  old  plant. 

Notwithstanding  these  pending  changes  the  al«.ve  description  of  the 
original  fireenwicii  power  station  may  be  allowed  to  remain,  and  will 
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Bow  Gtnemtlnff  Statl0II.-As  another  example  of  a  station  desi^neH 
for  rccprocatmg  eogu«s.  Fig.  456  .hows  the  pj  of  tL  C  (tS^ 
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ppnpr.iting  station  of  the  fharinR  Cross  anil  Tity  Company.  It  WM 
,k>igncd  by  Mr.  \V.  H.  Patchell  about  1904.  the  plan  given  beinR  pub- 
lishp<l  in  1905.    A  cross-section  is  shown  in  Fir.  457.  from  whit  h  it 

will  Ik-  seen  that  in  this  instanci-  tlic  width  of  tlu-  fiit,'inf  ii>nm.  wliu  h, 
luiwcvt'r,  includi-s  the  space  retiuired  for  tlie  switchhoanl-.,  is  etiu.d  to 
that  of  the  boiler  room.  As  shown  in  tlie  sectional  ekvatum  the  Niilers 
'  .  re  as  at  (ireenwich,  in  two  rows  on  either  side  of  a  central  gangway, 
iiul  wi  re  to  be  supplied  with  coal  from  a  bunker  in  the  roof.    In  the 


Fig.  460.— Vcttkal  4,obu-k.w.  R«ci|inauiiig-EBgiM  Stt  in  Bow  Gcnniitiiiii  Suttoa. 


plan  (Fig.  45^))  the  double  row  of  boilers  is  only  shown  at  the  loft  hand 
end,  for  at  that  end  the  rtxriprocating  sets  were  vertical,  and  eaih  of 
<),ooo-H.  p.  output  at  83-3  R.  r.  m.  In  the  other  part  of  the  engine  room 
there  are  shown  in  the  plan  four  horizontal  sets  of  smaller  size.  di'vil()])iiig 
nominally  2,500  b.  h.  r.  at  83  3  r.  r.  m.  A  view  of  the  station  as  seen 
from  the  outside  is  given  in  Fig.  458,  and  both  in  this  view  ami  the  plan 
of  Fig.  436  the  cooling  towers  are  very  prominiMit.  Thi-se  l  ooliiit;  towers 
are  83  feet  high  to  the  top  of  the  chimneys  and  30  feet  in  diaim  ter  in  their 
lowest  parts. 

The  engine  room,  as  it  appeared  in  1907,  is  shown  in  Fig.  459,  in  which 
the  horizontal  engines  are  in  the  foreground  and  the  high-speed  vertical  sets 
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at  the  far  end.    The  latter  sets  are  more  rlenrlv  seen  in  FiV   ^  ; 
whfch  t        be  note.l  ,.,„t  there  are  three  cylin.      .Irivin^  a  th;ee1;;.  ^ 
-  rank  s ha  ,.  on  one  en.l  of  whieh  the  alternator  is  fixed.  Trc;n  ?e  cv  ^, 

It  there  fa  a  low-pressure  cylin.k  r  y.l  indu  s  in  .iianu  ter.  The  power  dev 

.■  the  output  of  the  alternator  is  4.000  kilowatts.  The  four  hori/ont 
«  ".n.es  and  generators,  developins  1.600  kilowatts  each  at  ,S'-  r  , 
are  shown  separately  in  Iml'  jfii      Ti,-.  ,      '  • 

outDutg  was  T,,>  IK  •    .  l'"^^'"-'-"  f'"-  the  above 

outputs  was  170  II,.  jxr  s.,uare  inch,  with  70"  F.  of  superheat  and  th. 
vacuum  was  2(1  inc  h.  s.  ^uitmcai,  ana  the 

Bradford  Station. -The  generator,  referred  to  in  the  two  stations 


Kig.  4<>'— Horimiut  f,6oo 


R.^ciprocating  K„„„.  s...  .„  B.,»  i;.:„nu,„«  Slat.,,,. 


Bra,H„„i,  in  „.l,i,l,  arc  also  .,?r^       Seoeratmf  station  „t  tl,o  citv  „f 

give  steam.   In  No    >   tl,»  ,>i  i  °            ^''^y  a^e  to 

high-speed  verged  eiidn^   Tt'st"''"'  ''"^  '"^^^  ^^^'^'^'^ 

these  Jets  can  receiveTm.  fJ     ?    "  "'at 

boiler  house  onriinl  u  ''''  ^^''^  ^ 

load  is  heavy    ^        '         '^"""^  '^'^  ^^'""^^      the  year  when  the 
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Station  No.  3  Is  a  furtlier  intprc^fini;  <'\ainj>l<"  of  th«'  cronnmy  of  spare 
so  far  as  tin-  onuinr  nwm  !■»  roncerneil,  «)l)taim<l  by  «i>inK  tuilHj-iiitrrnators. 
It  was  originally  <lt  signed  for  five  n  i  iprocatniR  engine  sets,  each  having 
an  output  of  l,ouo  kilowatts  at  85  s.  p.  m.,  and  the  plan  erf  the  room 


Scan  fiiT 

u*    m    im  m 


010  1 

n     COOL  IMS   


i',-,L   ,,X'MAM      "B  •  •  •t«  «  «  <  *  •  <  lift' 


COAL 


r  A  It  0 


fTtHn»t»r  tup 


n'>i  BoiuH  House 


J  TTTJ 


VALLEY  ROAO 
Fig.  46«.— Plan  of  Bradford  Generating  Sution. 


given  in  Fip.  4^)2  shows  four  of  tlipso  sets  installed,  and  havint:.  therefore, 
altogether  nn  output  of  4,000  kilowatts.  The  space  for  the  filth  set, 
however,  has  been  utilised  to  install  three  Curtis  %ertical  turbine  sets, 
each  of  3,000-kilowatts  output,  but  with  an  overload  capacity  of  50  per 
cent.,  and  therefore  capable  of  taking  a  total  load  of  13,500  kilowatts. 
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The  folloidng  additkiml  comparative  fignm  are  both  inteiestinff  and 

instructive : — 

Turho-AtUrnaktr    low-speed  Set 


Output  in  kilowatts      ,  , 
Speed  (R.  r.  u.)  . 
Floor  space  occupird  (sq.  ft.) 
Diameter  of  largest  rotating  portion 
Weight  of  rotating  parta 
Weight  ol  jdant  .... 
Wdght  oi  Bteam  used  per  hoar 
Weight  of  ateun  per  kw.-hr.  generated 


4.500 

1,300 

57 

76  in. 

15  tons 

(j<)  tons 
72,000  lb. 

16  lb. 


z,ooo 
«5 

240  in. 
103  tons 
I'l  ",  Ions 
20,000  lb. 
20  lb. 


rig.  4*3.— AnangcmentofCartiiTurbo-Alieniatorsat  Bradford. 


Some    (Ict.iils  of 
tin:   arrangement  of 
these  sets  are  given  in 
l^'g-  463.  wliicli  gives 
a  diagrammatic  plan 
and  elevation  of  the 
three  turbine  sets  wit  li 
some  of  the  princip.il 
<li  iiiensions  :i<lile(|, 
.Much  of  the  economy 
of  space  in  the  engine 
room  is  obtain('(l  by 
plai  ing  the  comh-ns- 
ing  plant  in  a  base- 
ment  18   feet  hi«li. 
There  is  an  aiiii)le 
siipiily   of    cool  an 
obtained  through  the 
air  flumes  from  the 
air  lilters  at  tli.>  side. 
Tlii'sc   sets   as  tlu'y 
appear  in  en- 
gine     room  are 
shown  in  l  ig.  4^4; 
they  stand  about 
18  feet  high,  mea- 
sured from  the  floor 
of  the  engine  room. 

Carville  Power 
Station.— As  an  ex- 
ample of  a  modern 
turbo-alternator 
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iiiniV  for  their  (  xtin^iiiii  pari  f>assH, 
the  boilti  hoUM's,  witli  their  chimnejrs 
anil  acccssorit-s,  occupy  a  very  much 
i;n  liter  snperticial  arra  than  the 
i  iii,'ine  nil  mi  occupies.  There  are 
>hi)\vn  111  the  tlia^'rani  (Fi^-  4'':S)  three 
boiler  lioiise*  alongside  one  anotiier, 
and  each  of  them  end-on  to  tiie  engine 
r(K>m,  a  si  ,i!e  nl  tert  tieini^  .i;i\cn  at 
the  side,  riie  tiital  nui\iniuiii  (  ajiai  ity 
ot  the  statiim  in  3_'.iiiiu  ii,  v..  divided 
between  eigiit  Parsons'  turlxi-altcrnator 
,L;iiieratin,t;  sets,  six  of  which  are 
Miirnially  rated  at  5,1)00  kilowatts  and 
tlie  remaining  two  at  4,500  kilowatts 
each.  The  boiler  house  on  the  left 
ot  I-'ig.  4()5  contains  ten  Habiurk  and 
W  ilcox  water-tube  b,)ilersot  the  marine 
fyix',  each  ha\ing  a  steaming  capacity 
of  2o,(X)o  lb.  of  steam  per  hour.  The 
other  two  boiler  houses  each  lontaiu 
eight  Sttiiing  boiKi-,  earli  with  a 
steaming  capacity  of  25,000  lb.  pvr 
hour,  so  that  the  aggregate  output  in 
steam  of  e.u  h  boiler  house  is  tlie 
same.  All  interesting  feature  ol  the 
station  is  tliat  the  coal  trucks  can  In- 
run  from  the  coal  siding  into  tin- 
bunkers  above  the  boileis  in  the 
toiler  liouM'  (see  l"ig.  4f)(>),  an  arrange- 
ment which  obviously  leails  to  economy 
in  handling  the  roal.  To  provide  for 
utilising  tlie  lai>;e  <iver-l"ail  cajiacitv 
ot  the  turbo-generators  it  will  be 
noticed  that  at  the  end  of  the  boiler 
liinises  tile  flue  gases  can  jiass  to 
tile  (hininevs  of  each  boiler  house 
either  direct!\-  or  through  fans  driven 
by  motors,  which  can  create  an 
induced  draught  and  so  increase 
tiie  duty  ot  tile  liiiilers,  enabliin,' 
them  to  raise  greater  quantitits  ot 
steam. 
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A  view  of  tlic  cnj^iur  room  of  tlir  -tafioii,  showing;  nearly  all  tin'  ■-•■t^, 
f^ivon  in  Fif;.  4'>7.    Tlu'  ilUisti.itioii  ^liows  most  j  loinitiPiitly  the  t;i  uo- 
ratnr  ends  of  the  various  sets,  with  the  continuous  rum  iit  .  \citi  is  mounti'J 
till'  shafts.    Parsons  ijt  ik  r.itors  have  been  referred  t  >  in  the  prcceduig 
j  ,11^1  s  (si  i-  pages  zzo  and  340). 


F!g.  468.   The  Soulhwick  Power  Station  of  tha  Brightun  CorporiUiun. 


Southwick  Power  Station.-  In  order  to  brinn  the  steam  nearer  to  the 

L;riiiiatin,L;  sets,  j)o\vt'r  >tati()lis  have  liccn  disif^ncil  witli  tlu-  1  iiL;iiic  room  in 
the  centre  and  Iwiler  rooms  on  either  side.  Such  a  ix)wir  station  is  tlits 
Southwick  station  of  the  Brighton  Corporation,  an  external  view  of  which 


is  given  in  Fig.  4<>^.  A  diagrauunatic  cross-sec  tion  of  the  jxjwer  house, 
from  which  the  general  arrangement  can  Ix*  betur  deduc.d.  is  given  in 
Fi;;.  4()().  In  this  iii-t.uue  tlir  coil  bunkers  flank  tiie  boiler  houses  on 
eitlicr  side  and  on  a  lii};lKr  level.  1  lie  ground  plan,  showing  rather 
more  than  two-thirds  of   the  station,  including  one  of   tho  boiler 
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houses  and  the 
I'lipiU"  room, 
is  given  in 
Fip.  470.  The 
tiist  part  of 
the  p  o  \v  e  r 
station  was 

0  ])  e  n  e  (1  in 

1  11  n  f,  i()'>f>. 
but  .iil(hti(inal 
units  have 
been  added 
Iroin  tiiiu-  to 
time,  and 
gradually 
of  larger  capa- 
city.   At  the 
bt'ginningt'ach 
unit  installed 
had  an  out- 
put   of  1.800 
kilowatts,  but 
subsequently 
this  was  in- 
creased to 
^,500  k  i  1  o  - 
watts,  with  an 
overloadcapa- 
city  up  to 
4.000.    As  in 
previous 
amples,  to  pro- 
vide for  the 
o  \'  e  r  1  o  a  d 
capacity  of 
the  turbo 
\l  V  u  e  r  ators. 
plant   for  in- 
duced draught 
has  been  in- 


stalled  for  use  in  times  of  heavy  load.  Further  details  can  be  readily  made 
out  from  tlie  pl.m,  but  in  view  of  the  previous  descriptions  of  other  stations 
need  not  be  rd'ciied  to  here. 


'♦S'*  P-LSCTKICITY  IN  THE  SkKHC/:  Of  MaI* 

Westminster  Station.  As  a  rin,,l  .  xampir  ,,f  a  ^..n.Tatinf  station 
^q...l.po.l  SMih  iim.Iern  ,na.  luncry,  1,^.  471  .h.^vs  the  plan  of  a  Kcmrat-' 


ins  stati,.,  m  n.tly  .nrt...!  l,y  ,1,..  \V..st,nin>t.r  Supplv  Corporation.  JU-. 
l.ke  the  Lon.lon  Cou.ity  Cour.cil  station,  is  situated  on  the  banks  of  the 
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Thames,  but  hij^her  \\\<  the  river,  in  Hoiscfiiry  Koail.  W.^tmui-li  i.  ami 's 
■  t  interest  as  bein>;  jxTliaps  one  of  the  very  few  larp'  k'  Hi  rutuif'  stations  in 
wliK  li  only  continuous  current  turbo-fjenrrators  an-  installed.  The  turho- 
i,'iwr,it()rs  referred  to  in  tlir  luv.  i  d.  m  i ii)tioii-.  <it  t;.  nn.itinu  >t,itic>ii- 
were,  without  exception,  turbo-alternators.  In  this  ea^^  tli.ic  .ur  llinr 
T.()(M)-kilowatt  continuous  current  Siemens  turbii-generators,  luinnni,'  it 
I  s^  i  K.  r.  M.,  and  two  vio-kilow.itt  e<intinuous  current  steam  balancer 
„  1-.  ruiniini;  at  j.ooo  k.  V.  M.  Hie  boiler  room,  ms  in  several  of  the  previ- 
ous plans.  IS  parallel  with  the  engine  riM>ni.  and  w  -o  i.l.mn.  d  il'.it  .  stm- 
Mons  of  both  can  proceed  simultaneously.  The  inlhieiue  ol  the  si/e  «.| 
the  f,'enerafor  sets  on  the  ground  space  (Kcupied  by  the  enpiu-s  and  Iwilers 
I ,  spti  tively  is  a^ain  shown  in  tlii^  d;.ii;r.iin,  where  liowt  vcr.  owinn  to  tin' 
, oniparative  smallness  .)f  the  geneiator  s.i^.  they,  with  tluir  condenser 
eipiipment,  and  owing  to  the  arrangement  of  this  equipment,  occupy  a 
ater  floor  spare  than  the  steam-raising  plant. 

.\  view  of  the  engine  room  of  this  station  is  pven  in  I'ig.  47J.  in  which 
pf  the  two  conip.irativ.  ly  small  b.iliiuer  set-  .ipiu  ai-  111  ihr  foircronnd. 
the  large  generating  r.ets  being  shown  farther  ha.  k.  In  thes.  lallers.  ts 
there  are  two  dyna-.ios  each  of  500  kilowatts  capacity  on  the  shaft  of  the 
MM-le  turbine.  These  dyiuimos  "have  been  descrihtd  in  the  jireeeding  pages 
(XV  pages  i()  and  i.V))-  H"'  '""  ''  nr-.  aie  Zoelly  imi'iilsc  ma>  bines,  and  the 
sets  are  designed  to  give  one  kilowalt-liour  at  full  load  with  17  1  lbs.  ot 
Meam  at  200  lb.  per  s.iuaie  indi,  with  150'  of  superheat  ami  2.Si-in.h 
vadium.  TIk'V  <  an  take  25  per  cent,  overload  for  half  an  hour,  or 
per  I  ent.  overload  foi  three  miiiuti  s. 

Deptford  Station.  AVe  cannot  perhaps  comlude  this  section  more 
appropriately  than  by  giving  (in  Fig.  47.5)  »  view,  as  it  at  present  appeals, 
of  the  Deptford  station  of  the  London  Klcctric  Siipplv  Coriioratioii,  to  which 
some  reference  has  already  been  made  (s.v  pages  4.52  .iiid  4.l'i)-  1 1"'  l'l'">t 
in  this  station  is,  in  the  aggregate,  probably  iniique.  It  cont,nii>  mx  .oppe,- 
tvpe  I'erranti  alternators  erected  many  years  ago  and  still  giving  a  per- 
le.  tly  satisfactory  service,  though  some  of  the  steam  plant  driving  them 
has  ix'en  re-modelled  so  as  to  work  (  omixniiul.  Smnr  ..I  tiie  ,.l<ler  sit  .im 
l.iaiit  is,  however,  still  in  use,  a  set  consistijig  of  three  s<i.aiate  engines  111 
t.uidrm  .hiving  a  siii;.;lc  generator.  Some  low-speed  engiius  using  rope 
dnv,>  are  als..  still  in  u-e.  Side  b\  si.le  with  all  thes.'  are  two  10.00,.  11.  V. 
modern  turbo-generators  of  the  impulse  rtactum  tyi)e,  built  by  .M.^Ms. 
C.  A.  Parsons  and  Co.,  with  Brown,  Boveri  alternators  ami  siiij.;!.  -phaM' 
^  I'.r.itor-.  <.f  ii.it  ..nlv  the  berranti  tvpe  already  mentioned,  Imt  al.-o  of 
the  Untish  Thonison-Hou-ton  typ.'.  giViii^  a  io,.i.h)  volt  current  at  85  (V). 
Speaking  generally,  the  station  is  in  two  .  ti.ms.  ..n.'  t^iviiig  .  lu  rgy  for 
i;..!,«;.,:r  j..,,rp,s;,.-;"  ;nid  the  other  for  railway  traction  an.l  p..wer.  The 
wliole  history  of  this  station  is  a  splendid  tribute  to  British  engineering 
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i:inius  and  rntorprise  on  the  part  of  Mr.  Ferranti  and  tho  staff.    In  it 

iii.iiiv  of  till'  ilittK  ultics  of  iMiiilliiit;  l.irKt*  units  and  tr.m--iiiittmu 
([iiaiititii's  of  jKiwiT  at  hi);h  voitaKo  wi-re  oncounlcri'il  and  ovtnoinf  lor 
thf  first  time  in  the  history  of  the  science.  To-tlav.  with  all  the  variety 
i)f  machines  alhided  to  al)ove,  its  working  costs  (o-.sjd.  {xr  unit  sold)  are 
claimed  to  be  lower  by  M  per  cent,  than  tho-.e  of  any  oiIut  conipany  in 
London. 

IV.  (ii.)    <;as-  a\u  oil-drivkn  st.mions 
The  problem  of  api)lyiiiK  fuel  dirwtly  to  the  production  of  power  without 

the  ii  T  Vent  ion  of  >tfani  is  onewliirli  lias  for  a  Ioiil;  jh'I  iod  01  i  iii)itd  tln'  Mttiii- 
tion  of  cn^iineers.  and  the  varions  methods  devised  for  this  purjiosc  li.ivi-  Ihtii 
inrreasinf^ly  imi)rove(l  dnrin^;  the  ])resfnf  century.  The  general  i<Iea  is  to 
burn  the  fuel  in  a  closed  chamber  in  the  prime  mover  ami  to  utilise  the 
,  X(iansive  jM)wer  of  the  heated  jmxlucts  of  combustion  for  the  piirj«is.-  of 
dii\i!if,'  forward  a  ])i>toii  in  a  cylinder.  I'lie  forward  movement  ol  the 
pi^toll  is  utilised  by  the  intervention  of  a  piston  ro«l  and  crank  to  pnxhu  e 
rotary  motion,  but.  as  in  the  case  of  steam-driven  enf»ines.  the  advantage 
of  pnnhu  int,'  rotary  inotinn  direi  tlv  bv  the  ai  tion  of  the  uoikiiii^  tbiiii  .is 
in  a  steam  turbine  is  obvious.  The  produi  tion  of  a  satisfactory  f,'as  turbine 
is  therefore  one  of  the  live  eiif^ineerinn  problems  of  the  present  day,  and 
has  attracted  a  good  tleal  of  attention. 

In  the  earlie.it  solutions  of  the  general  problem,  tjas.  mixed  with  the 
proper  ])roportion  of  air.  was  explodeil  simiewliat  violently  niuh  rin  .itii  a 
piston  attached  to  a  vertical  piston  rod.  Only  small  machines  were 
employed,  and  the  production  of  power,  though  of  a  s«)mewhat  small 
amount,  was  -uceessfiillv  ai  <'omplislied,  but  with  the  ,in omii.invini,' 
luiisance  ot  ninNi<lerable  noise  and  racket.  Hie  problem  of  cauMiii;  the 
combustion  to  t.ike  phice  tpiii'tly  has  Ioiil;  since  been  solved,  so  that  far 
as  the  actual  burning  is  concerned,  the  modern  gas  engine  runs  without 
excessive  noise. 

Before  giving  a  general  outline  of  the  workint^  of  .1  modern  or  oil- 
driven  station,  it  would  Ik;  well  to  indicate  the  kinds  of  fuel  which  have 
been  found  available  for  use  in  internal  combustion  engines  generally. 
They  may  be  Muiunarised  as  ((jIIows  : 

1.  The  well-known  coal  gas  wliirh  is  produced,  for  doiiie>tie  and 

other  use.  at  large  gas  works  in  all  parts  of  the  lountry.  by  the 
destructive  distillation  of  coal  in  closed  retorts  and  out  of  contact 
with  air. 

2.  The  same  coal  gas  enriched  by  the  aiMition  of  otlur  volatile 

fuels,  especially  the  hydro-carbons  obtainetl  by  the  distillation  of 
petroleum.  sJiale  oil,  and  coal  tar  oils. 

3.  Water  g'as,   olit.uiit  !         di- (.i!ijh:~iii;4  snj^r  tiriiti  d  ^team  by 

blowing  it  through  incamlesceiit  autluracite  coal  or  gas  coke.  Ihe 
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(,'..-.  so  pro,l„, v,l  ...i.t.iiiw  cailvm  monoxide  and  mav  also  N. 
.  nr..  lu.l  by  the  a.l.lition  of  hydro..  arI^>n  vap-ur. 
4.  ProduwrgM,  which  is  made  by  inj.-.  tinR  st.a.n  a,„l  air  through 
mcandescent  n.al.    Of  this  ,as  .I,,  ,..  ar-  ,u„  .  ,„..f  n.o.hVX  of 
manufacture  known  as  th.  ,r..sure  nu.,l.od  and  the  \^ 


5- 


(ias  of  low  calorific  value,  which  is  obtained  as  a  h\. 


|>i<>;lu(  t  in  .itlii  r 


industries,  more  especially  the  wast.,  ^..s  f,,„„  „„.  blast  furnaces 
o  .n.n  snu.  ....  and  tl.  was,.  ,as  f.on,  tlu-  cok.  O^SsTS 
cok.  IS  mad.-  for  use  m  foun.lnes  and  blast  furnaces 
It  wou  d  be  travellinR  outside  the  scope  of  this  book,  and  would  n.v.l 
considerably  greater  s,,ar..  tl.an  is  availal,!,.,  if  a,.v  att.  i/M.t  w.-H. 
d^  ribe  in  full  detail  the  va.i..us  pr...  cs..s  by  \::^:t:Z::tZ 

fuels  are  made  available 
for  flif    inoduction  of 
I'owcr  in  internal  com- 
bustion engines.  But  as 
the  matter  is  of  sonic 
general  int.T.st.  md  i.-- 
fdcnttN  t,)  fi„,  >|n.,ial 
literature  are  not  always 
possible :  a  brief  .lescrip- 
fion  of   tiie  ])riii(ipl,s 
undcrlyitig  pressure  gas 
producers  and  suction 
gas  producers  with  .)ne 
The  two  kinds  of  pro- 
oi  their  developn?rnt.  an-. 


»ig.  474--Di«gr«m  of  I'nwm  Gai-Piuduccr  Plant 


or  two  actual  examples  may  be  permitted 

ducers  arenam,.!  in  tlu-  chronological  order   ..eve.opn^.nr  an- 

for  each  kmd  <iu.te  a  ,  rowd  of  i,n-,.nt..rs  is  resi>ons,ble  for  many  succes- 
s.ve  nnprovcnunts^  It  ,nay  bo  s,.a..,l  at  once  that,  although  the  general 
uU-a  .s  snnple  and  easy  to  follow.  h.-si-Ls  being  of  great  intcr.St.  the 
^vork.ng  out  of  the  idea  with  engineering  plant  on  a  large  s<  ale  introduces 
>'-n,c,o„s  pomts  of  difficulty,  upon  many  of  which  the  last  word  has  not 
y.  l  been  s.lld. 

Fig.  474  *  there  is  given  a  diagrammatic  sk.  t.  h 
o  a  Dowson  producer-gas  plant  f<.r  the  niannla.  turc,  und.T  prcssur,- 
of  gas  for  iK.wer  puri)oses  from  antliracite  coal,  coke,  or  charcoal.  A  boiler 
B  pn.,hu  ..s  a  rclatix-.  ly  small  quantity  of  steam  which  is  blown  upwards 
thr.3Ugh  the  mcandescent  fuel  in  the  gas  ]>rod,u  cr  or  retort  v.  The  .te  rn, 
Itself  IS  dissociated  at  the  high  temperature  of  the  fuel,  and  with  the  'air 
wh.ch  IS  carried  through  with  it  the  products  of  the  dissociation,  hydrogen 

coJpii;:L£u;r- '"^^  ^  i-'-' 
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and  nxvfion,  carry  away  the  ]>r(»«Jnrt<«  of  th«'  inromplftp  ronihii>*tii>n  of  \\\f 

ill  till"  ifimt  III  the  IT.     Ilnv  ]itii(lii(  N  .111'  m.iiiiK  ..iil>imir 

I'xiilf  ((  (>)  iiiiM.I  with  .1  littli'  livilm-iai  1m)U  k^'--  ••"'I  il't  iiu.mlilv  of 

(.iihonii-  aiiil  wlmli  li.is  Imm  11  Ininied  by  tlw  roruplttr  1  i>nil>u»tioii  of  a 
Miiall  part  of  the  fui'l.  If  the  proiluciT  is  working  |»ro|HTh-,  iht-  o.\yK«'ii  of 
tlif  air  and  also  fho  oxv^vn  of  th»-  watc  will  have  Nvn  nsrd  np  in  forming' 
1  arhonic  oxidr  and  r.nlionii  arid  llir  livdini^rii  nt  thi'  w.itii  Ii(>\m\ii. 
passes  on  as  liu  l  with  tlie  rail>onic  oxide  wliu  li  loiiiis  tlic  otiu  i  .hIim 
(•on<titut»nt  of  the  mixture.  The  inert  nitrogen  of  the  air.  whicli  i*  vjnjul- 
l.iii'Miii'-lv  cat  I  p  1  lliriMi!;li  till'  ictort.  of  roui-f  pa^M--  011  .il-n  tlic>ni;fi  its 
|iiisi>iii.  luiild  1h'  iIis|m  iimm1  witli  if  it  iiiiild  c.i^ily  l>v  iid  nt  I'lom  Ihf 
)iri)diirt  r  retort  r  tiic  i^a^  pa~>(s  tliKi'iKh  the  iiiiiii,'lit  -ipln'ii  ^liajH-d  pi|H' 
whiili  acts  as  a  cooler,  to  the  bottom  of  a  vertiial  tuwcr  s,  liiiown  as  the 
"  siTuhlier."  the  function  of  which  is  to  cool  and  pm  ifv  the  |,'as.  The 
-nidihri  I-  a  vertii  il  ^le.l  <  vliiidfr.  coiitaiuiiiK'  at  mtrrv.il,  \mmi,1,  ii 
tiiiy>  "II  which  rest  pieces  of  coke  J  to  4  inche>  in  si/e.  ri'.eri'  i>  ,1  w.iter- 
-pravinK  arrangement  at  the  t*>p  which  distributes  the  down-Howinn  water 
cvciilviivi  1  the  coke  so  tiiat  the  j^a->  ill  pa^-^in:,'  up  meets  the  water  trirkhii?^ 
.luwii  over  the  liiiiii>s  of  1  oke.  tlii-  i  tli' t  l)i  iiii,'  tli.it  tile  Water  takes  out  iiiii-i 
of  tin-  impurities  whic  h  h.ivi-  br.  ii  liu.iiKlit  over  from  the  pnxhK cr.  Ihi' 
{,'as  then  passes  into  another  and  smaller  scruhlier  s',  kiM>wn  as  the  dry 
coke  or  sawdust  scriibb«r.  in  whiih  it  passes  over  trays  of  dry  sawdust, 
which  rciiuive  the  tiitiistuic  i.iii^r.l  l)v  coiit.et  with  the  water  nl  thi 
wet  scrubb-.T,  and  also  the  remaining  particles  ot  dii->t  which  may  havi- 
Rot  through  the  coke  s<Tubbcr.  From  this  dry  scrubber  the  gas  passes 
into  the  gas  IioMer  H.  when-  it  is  stonil  (i)r  use.  Throughout  the  i)r(M-ess 
the  gas.  ill  tlie  various  ]>iei  es  ot  apparatus,  is  at  a  i)ressure  slightly  almve 
tliat  of  the  atmosphcie,  and  therefore  any  le.ik  in  any  i>art  of  tin-  jilaiit 
will  lead  to  gas  being  driven  into  the  outer  air,  where  it  may  Ikcoiiic  a 
nuisance.  Should  it  escape  in  large  ipiantities  the  ••rb<:)nic-oxide  g.is  is 
esiieciallv  dan:,'t  roii^.  as  it  is  \<  ry  jioisonous,  and  uoes  not  reveal  its 
presence  by  any  characteristit'  smell. 

The  foregoing  is  a  mere  general  description  of  the  pnH  i  ss.  In  j>ra(  tice 
the  sucrc^-  of  ,iiiy  of  tin'  prores^c^  cniplosi'd  Uiv  the  i>ri"lu(  tio"  ;aepara- 
tidii  i>f  i,'.is  lor  power  |iurpo>es  di  pi'iids  on  c  Iom'  attention  t.  iiiimeious 
detail,  -ume  of  wlii.  ii  will  be  apparent  in  connection  with  the  description 
of  actual  i/laiits  given  later. 

Suciimi-Cfits  Pl.iul.  Iht'  other  general  method  of  pnxliicing  gas 
for  ])owt'r  ]>iirno^rs  is  llir  •-uctiim  iiK  tlin.l.  in  wlib  li  tlieie  i-  I'lai  tii  all\'  110 
attempt  to  store  the  gas.  which  is  fed  iliieitly  into  the  gas  eiigiiu-,  a-, 
it  is  produced.  The  suction  of  the  cas  engine  drawing  the  gas  i^to  its 
ivlind-TS  lowers  the  iMi--ur('  of  thr  i;a>.  troiii  the  prodin  lle.^  ivtort 
onwards,  below  the  pressure  of  the  external  aunosplierc.    If,  llKreture, 
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the  plant  bo  workinR  proixrly.  any  leak  in  the  ron.i. ,  ti.,.i.  .  ..n  onlv 
lead  to  atmospheric  air  beinR  fond  inwar.Is  non.-  oi  tli.  iH.iM)m.iis 
coiifftits  iii^iilc  l>,ii)f,'  ahic  t(»  I(,ik  oiiiw.iids. 

A  ili..«iainiiiati.  >ki't.  h  of  su(  li  a  plant  is  ^ivcn  in  Fix.  473.  In  this 
plant  sir  ini  and  air,  after  |»a.ssin«  throHRh  a  warminR-np  ja(  k.  f  pla.  ,  ,1 
round  the  top  of  retort  k.  are  drawn  int..  the  sp,,,.  |„.|,,u  thr  uk m 
dpscent  fnel  in  the  retort,  and.  pa^-M>^  npwaid.  thi.Minl,  this  Ju.l.  pru<lu.e 
the  sanu-  ctf..  t  as  iti  thr  pi.  ^sni.'  Ka>  plant  .l.-s.  nb*'.I  above.  From  th*- 
retort  the  mixed  ga.s,  >^,ass  to  the  bottom  of  the  o.ke  s. ml.l.n  s.  int., 
~  whi<  h   tlu  v   air  dis- 

iharf,'td  tlinnij^h  a 
Wat  T  seal.  As  they 
pa<«  upwards  throttKii 
the  MnihlxT  tlirv 
meet  a  tincly  dividid 
Stream  of  water  travel- 
ling downwards  over 
the  lumps  of  loke  or 
pictcs  of  riiMilc  «jth 
which  ti!  ■  strublxr  is 
loosely  p;i  !:pd.  From 

the     to|)    ;  f    the    \M  I 

S(  rublKT  the  gases  arc 
drawn  through  the 
dry  scrnhhcr  s',  from 
which,  deprived  of 
iiiuisture,  they  pass 
ihrect  to  the  gas  en- 
gines. 

AsiK  ti()n-{,',(s  plant, 


475-— IMagram  of  Suction  (;a»  rr.xiii  .  r  1'l.int. 


as  designed  and  erected  by  Messrs.  (  rossl.  v  Bros.,  Limited,  of  Man 
ciioter.  IS  shown  m  \-\^.  476.  It  is  designed  to  supply  gas  to  engines 
having  a  total  output  of  (hx)  b.  h.  p.  The  gases  generated  in  th.>  lar^e 
cyhndric  generator  on  the  right-hand  side  pass  through  the  pipes  in  the 
'•water- heater  "  aIont,'Mde,  in  whi.  h  thev  yixe  up  some  of  their  heat  to  the 
water  wlmli  is  going  forward  to  the  generator,  where  it  is  converted 
into  sf.ain  on  a  dish-type  boiler.  The  gases  then  enter  at  the  bottom 
the  tall  coke  scrubber,  from  the  fop  of  wlii.li  tlu  v  pa>-,  to  the  sawdust 
scrubber  on  the  extreme  left,  alter  Ir  n  ,  r.iiig  whu  h  thev  are  ready  fur  use  in 
theengiius.     nie.  vhndricKenerat.  'i  over-all  diameter  of  96  inches 

and  stands  14  feet  high  to  the  top  ol  h  per.  The  whole  plant  stands  on 
a  floor  area  of  about  14  feet  by  32  te.  .  and  the  greatest  height  from  the 
floor  to  the  highest  part  of  the  pipe  which  emerges  from  the  top  of  the  coke 


\  \\\ih<  I  i-  t«  i  t.  Till 
-ii.ii  <•  iicio-.irv  li'i  till' 


111  iciiii|Mii(l         ,i(lv  .ml.mi  I'll  1\  \Mlli  tlif 

tt'.IIIM.iWIIIK   )i|.lllt   Whli  ll   Wi'lliil    III    li  .|l|l|iil  ti> 

iipply  th«'  ri'i|Hi»itc  straro  to  <itrain  rnginrs  having  an  •'«|uiv.»hm  output. 
IX'iaiis  (>f  the  cimHtruction  uf  the  sawdust  jicrubhrr  slwrnn  ui  i'l^  47*> 


arc  iiivcn  in  Fit,'.  477.    On  arrount  of  the  \\\\<y  (pianfilv  of  i^.i-  to  bo 


ll.m,Ur,I  till- 


1  -   .  Ill  rl  ^  till' 


nililiiT        thii'i'  ililjii  rjil    inlii-,  I,  I_  \  fiiiii! 


tlu'  two  liiufi  ol  wliiih  It  (livulc-.  mto  two  siitaiiis  jm-^uil;  iMitly 
upwards  and  partly  downwards  through  the  layers  of  sawdust  whith  are 
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intoqiosod  on  trays  Ix'twcon  i.  i.  i  .md  llio  outlets  o.  o.  o.  The  doors  for 
the  piinw)M»  of  •  tillinj,'"  with  fresh  sawiUist  ami  for  "cleaning"  011; 
tlie  scitiSbor  and  ri-movinf;  the  sawdust  wliirh  has  berome  dirtv  an  ! 
\\rl  In'  u--('  ,irr  clciils'  -hnwii  ill  till'  ti,i,'uic.  wiiH  ii  f,'iv(s  a  f^'mxl  idiM 
ot  the  >iiiii)hi  ity  of  tiic  prhu  ipio  oil  whii  ii  this  ingenious  method 
of  ronioving  impurities  from  and  drying  the  gas  is  based. 

Ill  it~  -in.tllt'r  jilant 

up  to  IJi)  li.  H.  I'.,  till- 

firm  places  the  sawdust 
scrubber  on  the  to])  ot 
the  roke  scrubber,  and 
tiius  iiii^eniotisly  still 
lurtlier  reduces  the 
necessary  floor  space. 

One  of  the  draw- 
backs of  both  type-; 
of  plant,  so  far  de- 
scribed, is  that  only 
luel  very  free  from 
bituminous  (onstilu- 
cnts  cm  be  used,  for 
with  ordinary  bitu- 
minous coal  these 
bit  uniinous  constitu- 
ents ill  the  form  of  tar 
and  heavy  oil  would 
be  carried  over,  unless 
specially  removed,  into 
the  cylinders  of  the 
^'as  enirfnes,  in  which 
t  hev  \\  I  mid  SI  Kill  1  .m>r 
trouble  by  (  logging;  up 
an<l  fouling  the  valves, 
igniters.  ,iiid  other 
working   j)arts.  The 

f.!<i  therefore,  wliii  h  lias  to  hi  usrd  in  them  must  Ik;  non-bituminous, 
sill  h  as  anthracite  coal  or  good  coke,  and  such  fuel  is  very  much  more 
ex|H'nsive  than  the  ordinary  fuel  which  is  used  for  steam  producers,  the 
dittereni  e  in  priro  beiiiL;  w,\\w  times  ir,-,  , iter  than  the  diHereiiee  in  ealoritic 
value.  This  dilleience  is  an  exullent  illustration  of  the  action  of  the 
economic  la%\-s  of  supply  and  demand.  If.  therefore,  it  be  desired  to  use 
the  bituminous  and  cheaper  fuel,  arrangements  must  be  made  In  remove 
these  troublesome  constituents  by  speeiai  apparatus,  which  adds  to  the 
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Kin.  477.— Uirge  Cnxtlcy  Sawdutt  Scrulibet. 
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nnnplication  nf  tlif  plant.    Tlu'so  const  it  ticnts,  liowcvci ,  ,,|  ni.it.  ri.iN 

I'l  . ciiiinrK  i.il  v.iliic,  ami  if  it  W  (IcsIumI  to  iccowr  tli.'s.'.  llir  plant  hi .  oiiirs 
siill  more  i ()ini)li(  atcd,  ajul  appioxinialcs  inoiv  or  lf^>  <  lu-rly  in  ilu' 
loniplcto  ami  claliorate  plant  of  a  pas  works  mannfacf nrini:  tlir  onliiiarv 
ronl  or  liciitiiii,'  i;.is. 

I  hi'  |)icil>!i  in  of  ili'sii;iiiii,L;  .i  nui  timi-^'as  juoiIik  ,  i-  wlm  li  ,  aii  In-  fcil 
mill  I'lilinary  bituniinous  furl  li,i>  atti.Ktcil  a  .coo'l  lU'al  of  attention, 
and  a  iliai,'rani  of  one  siuvessful  solution,  as  ilesii,-iii  d  h\-  tin  I)o\\v,.ii 
and  Mason  ('.as  Plant  Coinp.uiv.  is  i^ivtn  in  I'ii;.  47s,  lln-  i,i,,it  1;, 
liito  whi.  li  till'  hilnmiinnw  1  u.il.  in  nut-  > •! -nil ,iM.'  -i/r.  k  ird.  h  ilillcu  nt 
Imm  th.it  sliDwii  ii.  I'iii.  473  f„r  antluai  ite  coal.  Hie  coal  1-.  .1-  usual.  fe<l 
in  at  tlie  to])  of  tlie  retort,  to  which,  however,  the  outer  air  lias  free  access, 
and  from  wliidi  it  i-  ili.iwn  downwanls  tlinmi^li  the  iirw.  unliunit  1...1I  .is 
well  as  upwards  Irniii  the  lire  l)o\  tliroui^li  the  ini  .mdcsceul  lucl  ui  the 


lower  part  of  the  retort.  This  tire  box  is  uver  a  watir-holloin  liniii 
which  the  ash  and  clinker  can  be  removed  whiKt  the  pl.iiit  k  wki  kin^,-. 
P.i.lh  stnainsof  air,  l  i.li  u  with  the  gases  colic,  ted  in  their  p.i-.-,,-,-  ihiou},'h 
the  fuel,  leave  the  retort  by  the  same  pipe  p  />.  The  result  is  that  the 
new  coal,  just  introduced  into  the  hot  retort,  is  heated  to  th(>  distillation 
tmiperatiirc  whil-t  still  in  the  upjier  jiart  of  the  retort  wi  ll  ,il,nve  tli<' 
outlet  />,  and  tin  hvdro-carboii  ,i,'ases  produce<l  i)ass  down  thiough  the 
much  In  liter  fuel  In  low,  and  are  there  dissociated  and  partly  oxidised, 
more  or  less  conii)Ietely,  into  hydro-en  and  carbonic  oxide,  the  ,uni  of  the 
desii^'u  beiiif,'  to  ensure  that  these  chemical  re.ictions  shall  be  conipited 
before  tile  outlet  is  reached. 

.\tter  leavini,'  />  the  mixture  of  hot  gases  first  pass  lhroii,:;h  a  cooler  c. 
and  give  uj)  some  of  their  lieat  to  the  air  which  is  In  iiiK'  siiiiiilied  to  the  lower 
part  of  the  retort.     The  g.iscs  then  i)ass  on  to  the  scrubbeis,  which  are 
similar  to  those  used  lur  autluatitc  with  tlie  ad      a  of  a  "  wood-grid  " 
82 
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S(  rtil)hcr  s  .  which  is  filled  with  wooden 
}jri(N  n\(  i  \\lii<  li  wati  v  tiii  klr>  ili>\\n- 
wai<l>  .mil  iiuit-^  the  up-coiuiiig  f^ases, 
s  and  s,  are  rcsjHvtively  coke  and  saw- 
dust serubbtTS  himilar  to  tho^c  altcadv 
dt'si  rihfd,  but  the  bottom  of  s  is  tilled 
witli  lari^cr  picies  of  rnkr  than  are 
used  in  the  upper  part.  After  the 
sawdust  scrubber  there  is  an  exhaust 
')N>\\ei  n.  the  nutlet  of  wliirh  is  con- 
tiolled  by  a  ^'.is  L;i)\einiii  g,  which  by 
its  rise  and  fall  works  .1  throttle  valve  v, 
and  -SO  autoinaticalK-  irnverns  the  pro- 
duction of  ;,'as  to  ke.'p  j)ace  with  the 
citnsuniptioii. 

Kccovcry  of  By-l'ithlints.  In  the 
plant  just  de- 
silihed  the 
]Min(  iple  re- 
lieil  uiiou  is 
to  break  uji 
the  trouble- 
some pro- 
ducts of  the 
distillation  of 
bi t  urn i nous 
c  o  a  1  i  n  t  o 
their  simpler 
constituents, 
whii'h  can  be 
burnt  with- 
out causiu); 
trouble  in 
the  !,MS  (11- 
,i;ine.  I'lie 
comnii'rcial 
V  a  1  u  e  o  f 
these  by- 
p  r  o  ducts, 
liowevcr,  is 
sufficient  Iv 
:;r(.it  that  il 
is  bonietnnes 
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.  (msidt-reil  worth  wliik  to  incur  tlio  extra  expense  ami  tronhle  of  recovering 
Ik  ni.  and  various  patterns  of  gas-pro<hu  jnR  plant  have  been  worked  out 
lor  this  purpi)se. 

One  of  the  host  known  of  these  is  (he  "  Mnnd  "  ;;as  plant,  a  iliai,'i.ini- 
Miatic  sketch  of  \vlii(  h  is  ).;i\en  in  l-ii,'.  4711.*  In  tin-  (h  ~i^n  the  f,Ms 
producer  or  retort  is  shown  on  the  rit,'iit-hand  side.  Into  this  retort  there 
is  introduced,  through  the  hopper  or  bell  at  the  top.  eonunon  hituniinotis 
>l.ick,  which  in  the  hot  retort  hei,'iiis  to  nndtix'"  ilrstincti\c  .Iwtilla'  ;i  .it 
once.  The  ])i()ihicts  of  distillation  in  the  lust  instanie  pa-~  duwnw.uiU  into 
the  hot  /one  of  fuel  below,  which  destroj-s  the  tar,  converting  it  into  a  fixed 
gas.  In  this  hot 
/one  the  fuel  is 
.icted  upon  by 
an  air  blast 
rharged  with  a 
much  greater 
anioniit  of  steam 
than  is  used  in 
the  other  meth- 
ods. The  air  for 
this  mixture  of 
air  and  steam  is 
driven  througli 
the  apjiaratus  hy 
the  "air  blower," 
passing  on  its 
way  first  through 
the  "  air  heating 
•uid  saturating 
towi'r,"  wliere  it 

encounters  streams  of  hot  water  trickling  downwards,  and  becomes  warmed 
and  saturated  with  innistuic.  It  then  pa>sc>,  ;\-,  shown  by  the  .irrows, 
between  the  inner  and  outer  tul)es  of  the  "  n  geiieratois  "  and  inside 
the  outer  casing  of  the  "producer"  to  tlie  Ixittom  of  the  latter,  where 
now  thoroughly  well  heated  and  charged  with  water  vajxjur,  it 
is  discharged  upwards  through  the  fuel.  The  hot  gases  from  the  fuel, 
including  undecoinixised  steam,  ])ass  thidtigii  the  t\il)ul.u  regcueratoi.!> 
at  the  side  in  the  opi)ositc  direction  to  the  inmuung  air  and  steam, 
heating  the  latter,  and  being  themselves  cooled  somewhat  during  their 
]>ro,i,'ress  thiongh  tli<'  icgi-neratois.  .After  pa»itij^  the  rege-  ratur  the  mixed 
gases,  now  well  looled,  pass  through  the  "  washer  '  on  their  way  to  the 

•  Reproduced  from  Robinson's  "Gas  and  I'etrolcum  lanjincs,"  by  the  courtesy  of  Messtrs.  E. 
and  F.  N.  Spon,  Limited. 


Hi.  4Sa— "  Hand "  Gti  Pradueer  for  MMtand  Railway  Power  Station. 


468 


Electkicity  in  the  Sf.ri  ice  Of  Mas 


ammonia  rcrovory  towor.  tlic  Icft-h.iml  one  of  tlic  throe  tall  towers  shown 
ill  the  ili.t'_;ratn.    In  tlii'  washer  the  li,i\'e  intimate  (niitaii  with 

water  spray,  tiirown  ii])  hy  revolving  lilades.  and  tiierefore  tlie  ),'as  wliii  i, 
passes  into  the  ammonia  recovery  tower  is  heavily  charp-il  with  moisture 
'l"his  tower  is  lead-hned  and  hllecl  with  tiles,  over  wliit  li  tlu  re  i-  a  (  (uistaii! 
downward  th)W  of  arid  h(inor  lireiilated  by  junnps.  liiis  liipior  ((Misi-,1-. 
larKc'.y  of  sulpliati'  of  ammonia  assoriated  with  a  little  excess  of  free  acid, 
which  cumbines  witli  the  ammonia  of  the  gas,  wliicli  is  tluus  removed.  The 

ammonia-free  pas  is 
eondiK  ted  Irom  1  In 
to])  of  the  ainmoni.i 
recovery  tower  to 
the  liottom  of  tin 
gas- eooliiif,'  tower, 
in  iiassiiij;  tip 
whieh  it  meets  a 
downward  flow  of 
eoM  w.ilrr.  thus 
tinther  coolii;;,'  and 
cleaninfj  the  Ras 
before  it  ])asses  to 
the  f,'as  eiiiiiiu's  in 
whieii  it  is  to  be 
used.  Tlie  heated 
water  of  the  pas- 
cooliiii,'  tower  (1)1- 
leeted  at  tlie 
bottom  is  utilised 
in  the  third  towci-, 
marked  on  the 
diagram  as  the  air- 
heatitiK  tower,  and 
throuKh  which  the  air  blast  from  the  fans  is  blown  on  its  way  to  the 
jiiodiu  i  r.  as  aln  ady  di  sc  ribiil.  \'aiions  ])imips  and  other  ajjpaiatiis 
required  in  the  j)roeess  are  shown  in  the  diagram,  but  space  doi-s  not 
jHTmit  of  further  description.  The  general  result  is  that  rlieap  fuel  is 
used,  and  the  conimerrial!\'  valuable  ammonia  constituents  are  recov.Ted. 

A  view  of  a  "  ^K)nd  "  producer  erected  at  Heysham  for  the  jxjwer  station 
of  the  Heysham  and  Lancaster  sei  tion  of  the  Midland  Railway  Company  is 
given  in  l-"ig.  4S0.  There  are  two  such  ])rodiiceis  in  the  station,  each 
capable  of  sui)plying  suthcient  gas  for  an  output  <if  750  U>  1,000  h.  p. 

Stulioit  I'liiiit  for  Lou>-(,r,nlt-  Fuel.  I'lie  solution  ol  the  problem  of 
usijiy  low-grade  fuels  ui  gas  pruJuceis  liu^  been  earned  a  step  farther 


Fig.  4Bt.— Crosslcy's  Wood  Refuse  Gu-Praducer  Plant. 
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ill  till-  surressful  dtsijjn  of  plants  wliitli  can  he  Ittl  with  wood  n  ln-r. 

In    sviKMl-wnikin),'   tactfiir^   .iinl   <-,ii  [m  nt>  i>'   an.l    >  .ihiiut  ni.ikn -'  -lu'i'^ 
-icat  quantities  ol  saw(lu>t.  cluii|iinK-.  -liaviiiL;^.  .iinl  ollu  r  \\.m»1  n  lu-e 
an-  produced.     A  prtKhicer  plant   de^if^iieil  hy  M< --r-.  I  rii~-li  \    i'.H'  . 
I  nnittd    tor    utili>int;   tliis   fuel   is   sliown    in    I-if;.  4H1.     rhoUf;ii  it 
cnuraliy  n-cnihles  the   plant    iireviou-ly  referred  to.  there   are  some 
nnportant  .lilt,  rc  ne  e-.    In  the  lir>t  place,  a^  Ilie  nu  l  it>elt  mntani-  a  L;r<  at 
(|uantity  ol  nioi>ture,  no  separate  steam  >nppiy  is  nects^aiy.     flit  lonu, 
iKirniw  neck  between  tlie  hopper  an<!  the  generator  enables  flie  new  \w\  to 
ll.-  ilri'  il  .iii'.l  partl\-  (lr-ic(  aled  hetore  it  ic'a<  hi  -  tlir  l;( m  i ,ilur.     i'ln-  -mall 
i\lnulric  box  interposed  bitwicii  tlie  f^rnir.itor  ami  the  buttoni  ot  the 
scrubber  is  a  dust-coil«'<  tin",  bo\  om  v  a  water  seal  for  the  purpose  of  reniov- 
111-  ihe  lunneroiis  dust  particles  wlii(  ii  are  inevitably  carried  t>ver  with 
liir  L;as.     I'll.'  s(  rubber  is  in  two  parts,  tlu'  lon^t  r  and  lower  i)art  beinu 
the  wet  (  oke  scruhber  and  tiie  shorter  and  upi»  r  part  the  dry  sawdii-t 
scrubber.    After  passing  through  the  former  of  these  the  gas  i  iiti  rs  the 
centrifugal  tar  extractor  seen  on  the  extreme  left,  which  removes  the  tar 
1)1  lore  tlif  uas  pa^srs  for  a  hnal  dr\iiit;  to  the  wood-wool  or  sawdii-l  -1  iiiliber 
mounted  on  the  top  of  the  coke  s(  rubber.    Hy  tliesi'  means  tin-  ^;as  is 
etticiently  freed  from  tar  and  other  deleterious  constituents,  so  that  no  trouble 
i>  (  \i)'  rienced  when  it  reaches  the  gas  engines. 

yuite  recent Iv  successful  attempts  liave  been  made  to  obtain  a  hiel 
suitable  fm  i;as  engine  use  from  the  heavy  oiU  winch,  hi  t  ,iuse  <it  the 
presence  of  complex  ingredients  such  as  asphaltum,  cannot,  by  the  use 
of  ordinary  carburettors,  be  burnt  directly  in  an  internal  combustion 
engine.  Tlie  method  adopted  is  a  special  gas-pioihiier  ]il,int  from  which 
a  gas  is  obtaineil  having  a  calorilic  value  of  Joo  to  J50  n.  IH.  r.  per  i  \d>ic 
f(K)t  and  free  from  deleterious  compound:^.  Its  fuel  constituents  are  chiefly 
carbon  monoxiile.  hydrogen  and  methane. 

Other  (,ascs  A-.'iiildNi'.  Another  kind  of  gas  available  for  gas-driven 
stations,  is  the  waste  gas  from  our  iiunu  rous  Mast  fuinaces  an<l  c.,ke  ovens. 
Space,  will  not  jxTmit  a  description  of  the  methods  used  for  collecting  ami 
cleansing  these  gases,  and  we  shall  therefore  conclude  these  preliminary 
remarks  on  av.tilahle  f,;ases  with  a  table  of  their  ■  aloritic  values  as  heat 
producers  when  completely  burnt  under  good  (oiuiitions. 

Oil  gas   I. .^4" 

Natural  ,gas   . .        . .  Mon  to  rono 

Coal  gas  .=)'«>  t"  <>''^<' 

Carburetted  water  gas     . .       . .       . .       . .    55y  to  (140 

Coke  oven  gas       ..        ..        ..        ..       ..    48<>  to  540 

Cias  from  heavy  mineral  oils     ..       ..       ..    200  to  2y> 

Producer  gas  . .     .  .        ..       ..       ..       ..    1.35  t'^  i'"' 

Blast-lurnace  gas  (j5  to  i.^u 
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The  Riiii^ii  Tlicinial  I'liit  (h  tii.  u  ),  llic  unit  of  1i.m(  oiiiployod  in  the 
aliovc  t..l)Ic,  is  tlic  .|u..iitiiy  of  li(;it  miuiu'.l  to  raise  the  tcinix'iature  of 
one  ponn.l  of  col.l  water  from  60"  to  61°  F.  It  is  the  unit  nsuallv  a.lopted 
by  Er.^lish  enj^inccrs,  and  was  the  unit  used  hv  Jnulo  in  liis  <  la^Mul  experi- 
ments on  the  mechanical  e<iiiivalent  of  lieat.  "  1  lie  < orresjionding  vakies 
in  the  ni,  lri,-  sv>t,  ni  can  he  obtained  by  muJtiplvin-  hv  9  (more  accurately 
by  8().5),  whidi  will  give  calories  (,sw  page  225,  \ol.  I.)  jxr  litre  or  kilo- 
calories  per  cubic  metre.  In  all  cases  the  volume  of  the  fjas  is  to  be  n  r  .isui  t  d 
at  standard  temperature  and  pressure  (n  (".  and  jfm  nun.). 

Tile  thi.tnatidiis  in  the  rani,',  of  caloiilic  values  for  the  ihlferent  gases 
is  consideral)Ie  and.  iiu  i.Irntallv,  it  is  ohvioas  that  with  the  gases  of  lower 
caloritic  value  larger  cylinders  ajul  engines  will  be  n.inired  to  pro.lu.c  tlie 
same  amount  of  power  at  the  same  speed,  since  a  greater  <iuantity  of  gas 
will  have  to  be  j.assed  tliroiiuh  the  engine  in  a  given  time.  This  consider- 
atioii,  however,  has  not  prevented  the  development  of  large  gas  engines  for 
the  use  of  blast-furnace  gas.  the  poorest  gas  in  the  table  (sec  j.age  377). 

Actual  Generatingr  Stations.— When  we  turn  Irom  the  available 
for  gas-driven  stations  an<l  the  nulhods  of  preparing  those  fuels  to  the 
generating  stations  tlieiiiMlves,  we  find  that,  compared  with  steam-<lriven 
stations,  the  number  of  public-supply  stations  wlii.  li  arc  ga-drivm  i-  ry 
small,  and  moreover  that  none  of  them  can  compare  in  size  and  iini,.,,  taiue 
with  Its  steam-driven  rivals  of  even  moderate  size.  The  chief  reasons  for 
this  will  b.  referred  to  later  ;  at  present  it  is  mentioned  to  explain  why 
the  gas-drn-n  stations  illustrated  are  so  different  in  importance  fnun  tli^ 
steam-driven  stations  (lescrilH.l  on  pages  432  to  45,).  TIk.  number  of 
stations  available  lor  t)ur  jjurpose  is  small,  and  the  majority  only  handle 
small  quantities  of  power  much  smaller,  in  fact,  than  the  power  handled 
by  some  o.'  the  stations  described  in  Section  II.  ("  Ar.cillarv  and  Special 
Electnc  Supply  Stations  "),  and  in  many  cases  not  rising  alwve  2  >o  or 
300  kilowatts.  Two  oi  the  special  stations,  alnady  described,  Messrs 
Cammcll,  I.aird  and  ( o.  s  (page  375).  and  that  at  the  Coltness  Iron 
Works  (,,age  376)  are  larger  than  this.  Even  the  generating  station  at 
the  Northampton  Polytechnic  Institute.  I.oiulon  (page  378),  is  comparable 
m  the  quantity  of  power  wlii.li  can  be  handled  with  some  of  these  small 
public-supply  stations.  In  what  follows  we  must,  therefore,  be  content 
to  illustrate  the  application  of  the  principles  involved  on  a  comparativelv 
small  scale.  ' 

As  an  evample  of  a  station  .Iriven  by  producer  gas  we  select  the  power 
station  of  the  Taikoo  Dockyard  and  Engineering  Companv,  Limited,  of 
Hong-Kong.  Although  the  greater  part  of  the  p<nver  produced  is  used 
by  the  company  it<elf,  yet  some  power  is  sold  ,0  adjoining  works,  and  to 
that  extent  the  station  is  a  "  public-supply  "  station 

Notwithstanding  the  fact  that  this  station  (a  ground  plan  of  which  is 
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.riven  in  Fir.  48 
;  A  Hritish  t-nKinct-rs 
|,  I  ■>  (1  II  f  o  r  s 

,  :     tr,l     bV  till- 

rowtr-riu-  C'or- 
y,  0  r  a  t  i  o  n  , 
Limited,  of 
StiM-kt  .-i  -  i>n  - 
Tecs.  These  pro- 
ducers are  de- 
signed in  accord- 
ante   with  the 
nrinciples  al- 
leady  explained, 
tli.m^h  tlii'yi  on- 
tain  iinpoitant 
mixUtications  in 
certain  details. 
Besides  supply- 
ing gas  to  the 
power  station 
they  also  supply 
ga-i'<nis  fuel  to 
various  furnaces 
and  stoves  used 
on  the  works. 

The  gas-en- 
i;ine  plant  sup- 
plicdby  Richard- 
sons,  Westgarth 
and  Co.,  Limi- 
ted, of  Mid- 
dlesbrough, has 
a  total  output 
of  3,300  B.  H.  P. 
It    consists  of 

two  1,100  B.  H.V. 

twin  tandem 

"  ( "0  r  k  <•  r  i  1 1  - 
Westgarth  "  en- 
gines, A  and  B 
in  FiR.  4^^-  

two  550  U.  H.  P. 
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iii-V  f.iiid.'in  >-iv.  ^n.'s  ..{  -.WW-  Uy^'.  r  ;in.l  I)  in  Fij;.  48.'.  Tlif 
,  n'mi.Iii-..  wlmli  il.nil.lr  .w  liui;,  aif  all  -VSl  in.  lie-;  in  .li.uiK'ttT.  with  a 
Mrokf  of  31A  mchfs,  an.l  vun  at  u-'  u  r.  m.  In  tin-  \\av  mt.  i.  li muc- 
ability  ami  a  redurtion  in  tin-  nunihi  i  ul  -pan-  jutts  aiv  Mi  nit  il.  wliu  li  is 
a  :,'rfat  advantaRo  when  plant  is  vent  ti>  a  rulimy  so  distant  as  Hong-Kont;. 

Fur  -taitnvi;  i>\iiim'm-.  a  inctcn -.li  ivcn  i  nini'.'und  ioimi'H— "i  stdics 
air  at  joo  lb.  piosuiv  in  a  iai^"'  -ti>l  n'><iv<i  \\h«  "  lb''  I'l-mt  1-  lunnnit,', 
this  receivtir  being  large  enounh  to  turn  any  t>ne  of  the  ei'.gines  through 


ftATTCRV  SWtTCHCS 

■ATTERY  ROOM  Vf  0-2ti*' 


940  CELL* 

Fir.  4-4.— Plan  of  the  Ascot  Gas-Drivtn  Kleclrk  OiKralinu  Slatioa 

several  revolutions  at  staitinK-  The  supply  of  pitssurc  air  is,  of  cotirsc, 
disconnected  as  soon  as  the  i  iiKine  is  under  way.  Tin-  i>io,lu.  n  uas 
obtaiied  has  a  caloritic  valuf  of  140  B.  TH.  V.  per  i:ubi<'  toot.  an<l  tlif  guar- 
an<"  ■!  f,MS  consuniption  is  (»S  cubir  feet  ix>r  B.  II.  P.  hour. 

'-nerators  arc  75(i-kilo\vatt  Di.  k,  Kerr  ((.utinnou- <  uncut  madiincs, 
jilaii'ii  1.1'tween  the  twin  taudtiu  engines  in  tiie  larg.  r  x  ts.  and  Miiiilur 
i75-kilowatt  maehines  in  the  single  sets.  The  full-load  rated  output  of 
the  station  is  tlKivfore  2.250  kilowatts.  Fig.  483  t;«ves  an  e.vcellent  view 
of  the  Ulterior  of  the  station. 

The  general  arrangement  of  a  small  public  -npplv  pcxst.  -tatioii  u-ui^; 
producer  gas  from  a  gas  producer  is  shown  in  i-"igs.  4S4  and  4S5,  vslu<.h 
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"  I'i'  M  i,t  ill  plan  ami  sectional  tU  vation  a  small  \xmn  station  at  Asrot 
'■"■'t.  ,.  |,v  flu-  Ascot  District  Gas  ( onipaiiy.    The  amount  of  puw.r 


liandU 


Seal*  of  FmI 


e  the  two  engines  shown  in  tlic  plm  ii  ivc  only  an 

output  ot  (JO 
B.  H.  P.  each,  the 

griit  ratois  Ix  im^ 
5  o  -  k  i  I  (>  w  a  t  t 
macliincs  An 
external  of 
the    Stat.  is 
f^ivcii  ill  I'it,'.  48(). 
riie  illustrations 
are  instructive 
from   the  point 
of  view  of  sliovv- 
ini,'    the  small 
relative  space  oc- 
cupied  by  the 
Kas-prnducer 


^-■'■■11  


Fig.  48s-— SccUoiul  ticvatign  oT  the  Asr 


'1  Si.iii.jii. 


plant  which  takes  the  place  of  the  boiler  plant  of  a  steam-dr.len  station 
tank  monnted  «„  ^i„lers  in  Fi^,.  4,S5  is  ,l,e  water  tank  which  supplies 

111-  wai.  r  lor  the  producer,  ajid  also  the  circulating  water  for  cooling  the 
iii^nu's.  The 

fuel  used   in  this 

station  is  the  coke 

jtrodiictd  in  the  gas 
works  of  the  gas 
company  which 
erected  the  station, 
and  it  is  interesting 
to    note    that  al- 
though the  proprie- 
tors of  the  station 
are  nianulacturers 
of  coal  gas,  they 
preferred    to  put 
down  a  lia^  iirodnc- 
iiig  plant   U)\-  the 
power  station 
rather  than  use  the 
works. 

A  ;;n-;.driven  pnhiif-upply  station  dealhig  witli  a  somewhat  larger 
amount  of  power  has  been  erected  at  Hitchin.  in  Hertfordshire.    The  total 


Fig.  48S.-The  Amm  Rat-Orivcn  Elwirie  Supply  Station, 

more  expensive  coal  gas  produced  at   the  gas 
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output  of  thiH  slati.m  i-  jh,  kiluw.,11-,.  wlu.  h  i,  ^;,v,.|i  l,v  ihr.-.-  .li>tinrt  sots 
of  K'a*  Hant  of  165.  (...  ..i.  l  .40  kil.watts  r.'-jKrt iv.lv.  Th«'  station  is 
driven  by  pr.Mluocr  gas  from  plants  iwIiik  antlira.  ite  cm!,  ci..  t.  -1  f.n  tl,, 
largest  an.1  smallest  sets  hv  th.-  Camph.  !!  Cas  Knyin.-  Cun.pany,  wlio  aKu 
supplii'.l  thcoiiK'in.s  ,  th,  p,,,.l„  ,1  aii.l  .  nuinr  fni  t|„.  »H,-kilowatt  set  Was 
supplu-,1  l.y  the  National  Gas  Liikuic  Companv.  vMl  th.-  .lynamos  aro 
Crompton  dynamos  direct-couple.!  to  the  gas  engint>s.  an.l  of  t\  p,  s 


,8*.  -  UowMo  Pressure  Um  I'rodaceri  u  tu«o.,  suoon.  Loudoo       North  WWn  Kail.ay. 


ilI.Htratr.l  a.i.1  .losn  il).  ,!  in  previous  pn^,  ..  Tl...  supply  is  c.  r.  three-wire 
witli  4,So  volts  across  the  outers.  A  vertical  cross-section  of  the  Mation 
t  Mou^h  ti>o  if.5.K.  w.  set.  and  its  gas-producer  pla.it  is  given  in  Fi.,  a.SS. 
It  will  be  noticed  that  the  gas  plant  is  .piit..  ,  lo.e  to  the  engine,  l,ut  of 
CO  irse.  outside  the  engine  roo„,.  The  purpose  of  n.o.t  of  the  detail,  of  the 
gas  plant  will  he  obvious  fn„n  the  pr.H:eding  general  descriptions,  and  the 
ch.et  dimensions  are  given  in  the  drawing.  The  producer  plant  shown  in  the 
figure  ,s  rated  at  250  „.  p.,  and  supplies  gas  to  the  vertical  four-nvliLd^  ga' 
engine  only.  Beyo,„i  „„.  e„.,„e  nuun  the  bu,ldin^.  ,s  extended  to  provkle 
a  battery  room  m  which  there  is  a  Pritchetts  and  Gold  secondary  battery  of 
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.       t..  tako  tho  ni^l.l  .in.l  tli-  lifjlit  .Uv  Lm.I-  .i^     11  ..^  t"  li-  'p 
L.tiiiK  plant  ..v.<r  thi-  |«-.»k  .»( the  l.w.J  lurvo.    Tlr>  b.itl.  i v  .  an  utv,-  ati 

r.iiipnt  of  i\  kilowatts  fni  in  li'.m^.  .    .  , 

thn-c  sets  of  Do«'s«n  pr.-Mii.-  (;..-  i-Lmt.      h  .,.i...l>lr  m  -..pplMui;  c..- 
,„,.in.,  i^ivini,'  5.H.  B.H.I'.    Tlii>  .lluMi.iliuii  i>  Lpr...!.!.  r.l  liuiu  a  plmlu 
^;r^l.l...l  111.-  plant  instalUil  bv  thr  I)..WM.n  and  Maxni  <;a>  Plant  (i.nipativ 


Fig.  4«9.-Clein»iiiK  I'lani  fo»  th.  liia  IV.Iucm  »l  ihe  WaUlwmrtow  fclecUic  >«p,4>  Motion. 


Limited,  to  Mipplv  Kas  for  the  weneratinn  Mation  iimmI  (m  lidnuii;  ili. 
will-known  l.u-tun  Matinn  >i<lii.^;s  ami  {i'KKb  yanl  ol  the  l.un.lon  aiul 
North  Wv^Wvn  KaiUvav  (  "miuiiy.  liu'  tojte  of  the  retorts  ate  m.  u  in 
the  figure,  with  the  charging  pliiicrni  and  the  various  Mrubl...-. 

The  fiul  i>  f'  I  into  each  produeer  throuRh  the  small  hopp.  i  -^h.-wn 
.11  till'  t'lj..  Ill-  laii^e  h.xKls  over  the  hopix-rs  are  to  earry  awav  -afely 
ai'\  1  't  ua-r.  or  tuino  which  escapr  limn  .-a.  h  n  t.,i'  .hum-  tlir  U  w 
:.,  ru::d5  thr  top  o!  tlie  hop|«T  is  op.'U  to  f-.-iv  a  diaiu.  .  In  tl,.  l.a>  k 
o<  the  illustration  there  are  the  various  coolinj;  and  •leaning  or  M  inbbniK 
appliances,  through  which  the  gases  pass  on  their  way  to  the  cnt;nus. 
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The  plant  is  of  the  presMire  type  worked  with  a  jet  of  superheated 
steam. 

The  cleaning  and  coolinK  appHances  for  part  of  a  Dowson  prrssnre  plant 
are  shown  more  clearly  in  FiR.  489,  which  is  a  view  of  these  appHances 
erected  outside  the  produc.  r  house  of  the  Walthamstow  electricity  station. 
In  this  station  gas  engines  having  a  total  output  of  3,000  B.H.  p.  are  driven 
by  produrcr  gas.  The  producers  are  just  inside  the  wall  of  the  building 
and  tile  gases  from  them  pass  first  through  cooling  tubes,  ,,iul  then  througii 
the  cylindric  coke  scrubbers  s  s.  the  general  construction  and  action  of 
whkii  liave  btrii  already  described.  From  the  coke  .scrubbers  the  gases 
pass  to  the  sawdust  scrubbers  d  d,  on  leaving  which  they  are  passed  into 
a  small  gas  holder  and  then  into  the  gas  main. 

An  interesting  modern  development  oi  the  use  of  ])roducer  gas  is  the 
supply  b\-  a  public  company  of  such  gas  which  cannot  be  used  directly 
for  hghtuig  purposes,  but  through  the  medium  of  electric  plant  can  be  made 
available  for  the  supply  of  current  which  can  be  so  used.    An  example 
of  this  utilisation  of  producer  gas  is  given  by  the  Wednesbury  Corporation 
Klc(  tri(  ity  \\"orl.-,  which  purchases  producer  gas  from  the  South  Stafford- 
shire Mond  (ias  Company,  and  supplies  the  district  with  continuous  current 
at  230  volts  for  lighting,  and  460  volts  for  power  purposes.    The  interior 
of  the  station  is  sliown  in  Fig.  4()().  and  for  the  following  particulars  the 
author  is  indebted  to  Mr.  W.  Farnell,  the  engineer  and  manager.  The 
gas  used  has  a  calorific  value  varying  from  135  to  150  b.  to.  u.,  and  is 
delivered  at  a  pressure  of  5  lb.  per  square  inch  into  a  gas  holder  of  600 
cubic  feet  capacity,  which,  however,  is  only  employed  as  a  governor  to  keep 
the  pn.sure  constant  at  the  engines.    The  supply  pressure  is  reduced  to 
a  pressure  of  3^  mches  of  water  by  reducing  valves  operated  by  the  gas 
holder.   The  consumption  of  gas  averaged  over  the  whole  year  is  125 
cubic  feet  per  kilowatt-hour  generated.    The  o%er-all  heat  efficiency  is  there- 
fore about  19  per  cent,  if  the  mean  calorific  value  given  above  be  adopted. 

The  station  was  started  in  1908  with  two  Westinghouse  engines,  each 
of  220  B.  H.  P.  of  the  vertical  tandem  t>-pe.  with  four  cvlinders  and  two 
cranks.  A  third  similar  engine,  but  with  six  cvlinders  and  three  cranks 
Willi  an  oiit].ut  of  330  B.  H.  P.  was  adde.l  in  ion.  All  these  engines  have 
pistons  of  and  i5i  inches  in  diameter,  with  a  stroke  of  if)  indies  and 
run  at  300  r.  p.  m.;  their  working  parts  arc  interchangeable,  and  they  have 
forced  luhruation  for  Ihcir  hearings.  Each  drives  a  direct-coupled  C.  C. 
dynamo,  the  total  b.  h.  p.  being  about  800. 

Quite  recently  (1913)  a  double-acting  Fraser  and  Chalmers  engine 
of  400  B.  H.  P.  has  been  installed  .iiid  ruii>  at  a  speed  of  140  r.  r.  m.  The 
diameter  of  the  piston  is  28  indies  and  the  stroke  34  inches.  For  the 
present  it  drives  a  high-speed  25'>kilowatt  continuous  current  dynamo 
by  a  rope  drive  of  ten  cotton  ropes,  but  when  the  load  increases  suffideatly 
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a  '..'(•ond  tandem  rvlinder  will  bo  added,  increasitif;  the  output  10840  B.  11.  P. 
Thr  KiiH-diivou  liif^h-p''  '!  <lyii."n.)  will  ttion  In-  lopLi.,',!  bv  a  mat iiiue 
directly  coupled  to  the  j-liaft,  and  the  present  dynani..  u-.d  as  the  <  .  C 
machine  in  a  motor-Renerator  set.  The  statum  plaut  al-o  includes  a 
secondary  b:\ttery  which  can  take  the  load  from  midnight  to  6.30  a.m..  and 
the  dav  load  on  Sundays. 

The  station  delivers  about  1,000,000  kilowatt-hours  per  annum,  of 
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which  about  two-thirds  is  for  power  purposes.  Owing  to  the  lai^r  pro- 
portion of  the  power  load,  for  which  the  charge  varies  from  Jd.  to  ijd., 
the  average  selling  price  is  only  i  j.5d.  per  kilowatt  hour,  but  notwithstanding 
this  there  is  a  margin  after  paying  all  working  expenses  and  the  intri.-i 
on  and  repayment  of  loans.  It  is  an  achievement  to  be  able  to  -Imw 
such  a  good  result,  and  to  be  free  from  the  wony  and  nuisance  of  either  a 
boiler  house  or  a  producer  jilaiit. 

L'sc  ('/  r>Uist-b'urniHc  (ni.-..  The  waste  gases  from  the  blast  furna<  t  s 
in  large  ironworks  have  been  scheduled  above  (s<r  page  4f)(,)  as  a  ^ourtc 
of  power  for  the  generation  of  electric  energy,  and  a  brief  desiription  of 
one  instance  of  their  utilisation  has  been  given  in  the  preceding  pages  (see 
page  376  tt  stq.).   From  the  nature  of  the  case  a  supply  of  such  gas  for 
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tin  use  of  a  separate  "public-supply  station"  rannot  be  exported  to  be 
available,  but  this  section  would  scarcely  be  cunipl.  te  without  Mjine  refer- 


ence to  the  prndiirtiou  of  ele,  trie  ixnver  on  a  larpe  scale  in  which  these  waste 
iidscs  arc  u^elJ,  iiutwiihstandiiiy  the  fact  that  the  power  so  generated  niay 
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bo  cntirily  used  for  tlu'  industrial  pm  po-i  s  uf  tlu'  works  in  wliirh  tlic  lu-- 
r.itini,'  station  is  establishwl.  Wc  >luill  tin  r.  loro  conchnlc  this  sub-section 
with  a  brief  description  of  one  suih  installation. 

The  example  selected  is  the  Rrneratinf;  station  of  the  Adolf  Emil  !liittu 
Steel  Works  at  I-"-ili,  l.iiNcmbiiri;.  and  .\  \ii\v  of  tlie  interior  ol  the  -t.ition 
is  given  in  Fig.  4<JI.  In  this  station  there  are  nini\  large  g.i-  engines  ol  the 
donble-actinR  four-cycle  tandem  tyjio,  each  designed  for  an  oxitput  of 
j.KK.  H.  P.  when  snjiplied  with  the  waste  gases  from  the  bla-~t  (uruaees  ot 
the  works.  Thest'  gas  engines  are  tired  by  the  current  from  a  (>5-volt 
kilowatt  generator  or  from  a  small  secondary  battery,  tiu  re  Ix  im;  .il  ^ 
.1  duplicate  generating  set  as  a  reserve.  The  gas  engines  run  at  (4  k.  v.  m., 
and  each  drives  a  three-phase  generator  having  an  output  of  about  1.4=^0 
kilowatts  at  ^..^lo  volts  and  50  <m  with  a  power  t.ietor  u|  (.1.5.  flu  •  m  it.i 
lion  is  supplied  by  a  jjo-kilowatt  continuous  current  generator,  wha  li  is 
also  in  duplicate,  and  generates  a  500-volt  excitation  current. 

The  gas  for  these  engines  and  for  the  gas  engine-driven  blowers  for  the 
lurnaces  is  obtained  from  six  bl.ist  luriuu  es,  whose  nundier  is  to  be  in(  reased 
to  eight,  and  then  the  electric  gener.iting  statiiMi  will  be  extended  and 
will  contain  fourteen  machines,  although  only  ten  will  be  required  to  supply 
power  to  the  works  at  their  maximum  output.  The  remaining  four  si  ts 
will  act  as  spares,  or  may  p*  rhaps  be  utilised  t''  ilv  powi  r  to  ailia<  i  nt 
works,  in  which  case  the  station  will  become  ♦  ■  .  i  lent  a  public  supply 
station.  The  total  possible  output  of  the  ga  "  s  will  then  be  .5o  <'<>» 
II.  p..  which  means  that  each  blast  fnrn.iee  ea\  ■  li  ;,.75"  "•  P-.  i»  ;iddi- 
tion  to  the  powiT  re(iuir<  d  to  drive  its  own  blov.  uig  engines.  These  figures 
show  how  very  iniport.mt  it  is  that  such  a  sourei'  of  usefid  pow<  r  sii,,uld 
not  be  neglected  by  allowing  the  gas  to  be  wasted,  or  worse  than  wastxl, 
inasiiuu  h  as  its  presence  in  the  atmosphere  doi-s  not  improve  the  vegeta- 
tion of  the  surrounding  country,  as  we  know  to  our  cost  in  our  own  "  Black 
Country." 

Use  of  Natural  Gas— An  example  of  a  public  supply  station  drivi>n 
by  natural  gas  is  given  in  Fig.  4i)J.  whieh  shows  the  interior  of  the  -t.iiiini 
erected  by  the  IndeiK-iuleme  Kleetric  Cumpany,  of  Indepeiidenc c.  Kan-  is. 
The  natural  ^as,  which  is  obtained  from  the  Oklahoma  tield  .  onie 
miles  ilistant.  has  a  caloritu  value  of  050  B.  nr.  V.  jwr  cubic  foot,  whit  h  com- 
pares favourably  with  the  heat  obtainable  from  ordinary  town  gas.  and  is 
much  higher  than  the  caloiitic  value  of  ordinary  jirodiuer  gas.  The  gas 
supply  lines  deliver  the  gas  at  the  high  pressure  of  3  5  lb.  per  square  int  h, 
which,  by  means  of  reducing  valves  and  intermediate  gas  holders  is  reduced 
to  the  equivalent  of  3  or  4  inches  "  head  "  of  water  liefore  it  reaches  the 
engines. 

The  gas  so  supplied  is  used  to  drive  three  different  gas-engine  -iets. 
Tlic  largest  is  a_  5oo-ki!owatt  twin  tandem  double-acting  engine,  coupled 
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■0  a  2.300-voU,  60-ro,  thrrp-pli.T^o  altornator.     The  second  sot  r(iii-~i--ts 
..f  a  similar  but  smaller  (,ms  on,i;'i:'<'.  l>y  a  (liift-rent  maker,  drivini;  a  Jntt- 
;  iliiwatt  General  Electric  Company's  alternator  at  31.0  R,  r.  M.,  whilst  the 
inallost  set  consists  of  a  100  H.  P.  Westinphouse  vertical  three-cylinder 
1-  ciifjine,  driving  by  a  belt  a  75-kili)\vatt  Cioiural  Klc-c  d  ■  Company's 
iltirnator.   The  last-named  set  was  the  pioneer  si  t,  but  11  is  now  used 
iiily  as  a  stand-by  in  case  of  a  breakdown.   The  average  consumption 
.  (  L^as  by  the  large  engines  on  a  tliirty-day  test  uiidi  i  all  cimilitions  of  load 
was  .20  1  ubic  feet  \)CT  kilowatt  hour,  but  on  a  six'ci  il  tc-t  at  50  to  Txi  j»er 
.int.  of  full  load  the  kilowatt  hour  was  obtained  with  a  little  over  if)  cubic 
f.  et  of  gas,  giving  an  over-all  energy  efficiency  of  about  22  5  per  cent.,  the 
thirty-day  test  giving  an  efficiency  of  about  18  per  cent. 

Gas  U.  Steam.-  It  has  been  pointed  out  above  that  tlie  number  an<l 
the  importance  of  the  public  electric  supply  stations  which  are  gas  diivi  u 
are  insignificant  compared  with  the  steam-tlriven  stations.  I'or  this 
l.osition  there  arc  many  reasons,  chief  amongst  which  must  be  placed  the 
much  earlier  development  of  steam  engines  and  steam-raising  plant  as 
Kinipared  with  the  development  of  gas  cngints  and  gas-prmlucing  plant, 
by  which  the  minds  of  engineers  were  directed  to  the  former  and  to  the 
perfection  of  the  machinery  and  applicanc*^  connected  therewith  long 
l)efore  the  latter  could  be  considiTcd  as,  in  any  stii>e,  a  rival  where  large 
quantities  of  power  had  to  be  handled.  Thus,  notwithstanding  the  fact 
ihat  the  actusd  amount  of  mechanical  energy  obtainable  from  a  ton  «)f  coal 
1-  nnich  f^.eater  when  gas  and  gas  engines  are  intermediaries  than  with 
-team  and  steam  engines,  the  number  of  public  supply  stations  emj)!oyint; 
the  latter  as  compared  with  the  lornu-r  is  simply  overwhelming,  and  a 
new  lease  of  precedence  appear*  to  havt-  Ix-en  given  to  steam  by  the  recent 
developments  of  steam  turbines,  thougli  none  of  these  is  as  efficient  a  jwwer 
transformer  as  its  gas  rival  of  much  smaller  size. 

As  incidental  to  the  above  it  may  be  ailded  that  the  succc-slul  design 
and  building  of  large  gas  engines,  for  say,  i,(M)o  h.  p.  and  upwards  each,  is 
\.  ry  recent  in<l'  i'(l,  and  these,  with  their  rivals  alrea<ly  in  ]>o>~se>sioii.  have 
>tiU  to  per^^la(le  the  majority  of  engineers  to  lor-ake  their  old  and  tried 
machines  for  the  new-comers,  ^  change  which,  in  view  of  the  large  amount 
of  capital  smik  in  steam  and  steam-driven  plant,  could  01  Jy  bo  made 
gradually,  if  made  at  all. 

The  position,  however,  as  in  most  engineering  problem>,  i>  nnich  mi>re 
complicated  than  appears  at  first  sight,  and  we  can  only  indicaie  the  chief 
points  here.  In  the  first  place  it  is  a  somewhat  startling  fact  that  even 
the  best  equijiped  steam-driven  generating  station  can  only  pa'~s  on  to  the 
busbars  of  the  switchboard  about  10  or  11  per  cent,  of  tlie  energy  ot  the 
coal  fed  into  the  furnaces.  On  the  otlur  hand  a  gas-driven  station,  as 
figures  given  above  show,  can  double  this  percentage  and  thus  effect 


4*4 


Electricity  in  the  Service  of  Max 


8  large  savinR  in  the  fuel  bill  for  a  pvt  ii  ontinit.  Hut  llio  rliaii; . 
for  fuel  is  only  one  of  the  items  in  the  cost  of  pioducin-  ,  l,riiic  eiui-\. 
ami  is  overshailowcil,  more  especially  in  small  -latiuns,  hyotlK  r  "  niiiimi:; 
charges."  Taking  an  example  at  random  from  published  data  in  i 
particular  year  the  fuel  cost,  averaged  over  the  whole  ytar,  at  ihr 
generatiiif,'  stations  of  the  Manclk-,ter  Corporation  was  o-_'4d.  p,r 
kih)\vatt  iKJiir,  wliireas  the  total  running  charges  including  wages,  oil. 
and  other  stores  and  :epairs,  were  o-49d.  per  kilowatt-hour  sold,  to 
which  must  be  added  rent,  rates  and  taxes,  management  charges,  and 
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interest  on  capital  spent  on  buildinfzs  and  m.idiinery.  The  example 
given  is  a  favoiirahlr  one  for  steam  iMcausc  of  the  magnitude  and  efliciency 
of  the  system,  and  the  charge  for  fuel  being  low,  owing  to  the  proximity  of 
the  coalfields.  It  will  be  noted,  however,  that  apart  from  standing  i>tab- 
hshment  and  permanent  items,  the  otlu  ,  rnniiing  diaiges  are  as  important 
as  the  cost  of  fuel,  and  therefore  it  is  obvious  that  a  saving  in  fuel  due 
to  a  change  of  system  m:iy  be  masked  by  an  increase  in  the  other  running 
charges.  Unfortunately  no  data  are  available  from  huf^e  cas-driven  stations 
which  can  enable  a  fair  comparison  to  he  made.  Ihix  ing  regard,  however, 
to  the  larye  stations  now  luiiig  operated  witli  blast-furnace  gas  it  would 
appear  tliat  the  time  is  quite  riix;  for  a  large  public-snpplv  f,'a-diiven 
generating  station  to  be  put  down  in  this  country,  from  which  much  valuable 
data  for  further  progress  could  be  obtained.   Meanwhile  the  advocates  of 
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-tram  assert  that  any  saviiiij  of  !u 'I  I'i'f.iim  il  by  ilu-  ii-<'  of  cas  is  move 
ii.iii  ■  omili  rlialaiui'il  by  iiRiiased  fxpLiuliture  in  otlict  ilucctions,  ami 
,  -[>  I  i.illy  in  tlu  itt  ins  fur  n  pairs  and  renewals,  and  for  oil.  Tl>e  cftVi  t 
HI)  tile  wa^^i's  it.'ii;  i>  al-o  a  soui' ■■  ol  ( i.'.itiiiv.  1 -\-.  ('11  the  ollu  r  hand  the 
lapital  charges  (or  land  and  building-.  iiiu>t  bo  apjui eiahly  le>s  lor  the  ^as- 
li  iven  stations,  because  of  the  much  smaller  space  rcijuircd  for  the  prwhicer 
;,|.!nt  a:-  ((inipaicd  v.ith  ;4eain-raisin,!?  plant,  but  part  of  this  savinj;  will  be 
lo^t  by  the  great(  r  ^pace  refjuircd  by  i;as  eni;ines  as  compared  with  ^teain 
.  n^ines,  especially  steam  turbines,  i  hi-  .  xtr.i  space  will  probably  be  saved 
1;  and  when  a  satisfactory  ,iL;as  turbine  has  been  evolved. 

Oil-Driven  Plant.-  Where  mineral  oil  is  directly  used  as  the  fuel  of 
in  internal  combustion  eiiL::iiie  there  is  no  elaborate  i)lant  or  piai  hiiu  ry 
fur  the  preparation  of  the  fuel  for  the  engine,  a  comparatively  Miiall 
carburettor  or  other  device  beinR  all  that  is  retpiired.    A  favourable 
iii-taiice  of  this  is  the  ordinary  petrol  automobile,  in  which  tlit>  ajiparatus 
corR'Sixmding  to  the  boiler  j-iant  ol  the  r-team  enuine  is  rediKcd  to  an 
oil  storage  tank  and  a  carburettor.    >' 'n  the  otlur  hand,  the  i>ii(e  (  ■  oil, 
undi  r  pr' sent  conditions,  is  liable  to  violent  fluctuations,  which  makes 
I  uL^intrr-  nnwilliiig  to  rely  iiitiiely  nixm  it.    The  plan  of  an  electric  power 
t.iiion  using  oil-driven  engines,  theieioie,  is  reduced  to  liu'  eUL^ine  room 
itself,  and  a  view  of  such  an  engine  room  at  the  ("Inche^ter  electric 
power  station  is  given  in  Fig.  40.^-    In  this  figure  there  ate  shown  two 
Mirrl.o-Diesel   oil   engines   coupK  d    direct    to    two    loo-kilowatt  500- 
volt  c.c.  generators  rnnnm!;  .1'  J5'>  U- i'- M-     The  ciiief  accessories  not 
shown  in  the  illustration  .ne  the  pumi)S  for  -upplying  the  circulating 
water  (or  cooling  the  cylinders,  for  which  about  faoo  gallons  an  hour 
aie  drawn  from  and  returned  to  an  adjacent  canal.    The  other  accessory 
is  the  fuel-sui^jily  tank,  which  corresponds  to  llie  coal   bunkers  of  a 
steam-driven  station,  and  in  this  instance  is  a  circular  tank  of  0  ft.  y  in. 
diameter  by  12  ft.  4  in.  in  height,  which  is  close  to  the  engine  room,  and 
cm  contain  sulhcient  fuel  to  run  both  engines  for  a  week.    The  oil  is,  of 
course,  supplied  fntm  the  tank  t<j  the  engines  wiili.iut  beir,^  liandled. 

iv.  (iii).-  w.\n:K-i)Ki\r.N  (UYDKo-iii.EciKK )  sr.\tioNS 
The  third  t\pe  of  public  supply  station,  which  will  now  bo  considered, 
-,tand>  m  importance  ne,\t  to  the  >ttam-drivep  type,  and,  at  pr<  .nt, 
a  long  way  ahead  of  the  g;is-  and  oil-driven  type  of  s^talion.  In  one  re>pect 
it  is  from  the  economic  standjwint  the  most  interesting  of  the  three  types, 
inasmuch  as  in  p'ueraling  electric  p.  Aver  from  the  ener^'v  01  ri\Ms  and 
waterfalls  we  are  not,  as  in  the  ca>e  ol  fuel,  using  up  our  c.ipital  accumu- 
lated during  long  {K'riods  of  geological  time,  but  living,  a-  it  were,  very  closely 
upon  our  income.  Tiie  ultimate  source  of  the  energy  in  both  ca.ses  is  the 
sun,  but  our  fuel  represents  solar  energy  which  reached  the  earth  in  long 
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past  niillcniums,  whereas  the  energy  of  our  rivers  and  waterfalls  came 
to  us  from  the  sun  within  the  past  two  or  three  years  at  the  farthest, 
and  fresh  stores  of  sfanilar  forms  of  energy  are  being  daily  weparcd  for 
our  use. 

We  are.  however,  now  concerned  with  the  processes  and  their  detaiiv 
by  which  this  recently  stored  energy  is  made  available  for  the  m  rvi.c  .,i 
man  by  its  conversion  into  electrical  energy  through  the  medium  of  el.rtii, 
generators  driven  by  water  iiH.tors.  The  amount  of  hydrauhc  enei>;y 
avaUable  at  any  given  point  depends  upon  two  factors,  namely,  (i.)  the 
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Impiils:  Water  Turbine,  6,000  11.  f. 


i  't-  4SS.— Longiiadiiial  Swtioa. 


available  quantity  of  water,  and  (ii.)  the  available  fall  or  "  head  "  as  it  is 
t.rhmcally  called.  This  "  h.  a.l  "  corresponds  to  the  pressure  or  voltage 
in  the  electrical  case,  and  if  the  pressure  in  the  water  can  be  obtained  by 
pumps,  accumulators  or  other  devices,  an  actual  vertical  fall  of  so  many 
feet  IS  not  necessary.  We  are,  h..uever,  dealing  here  with  the  utilisation 
of  natural  supplies  of  raised  and  stored  water,  and  to  utilise  their  energy, 
due  to  the  fact  that  such  water  has  been  raised  above  sea-level,  it  is 
essential  that,  in  the  process,  the  water  should  be  dropped  to  a  lu«er  level 
The  greater  the  amount  of  th.>  vertical  drop  the  greater  is  the  amount 
of  energy  which  can  be  obtained  from  a  given  quantity  or  weight  of  water. 

The  use  of  water  wheels  or  water  motors  to  obtain  mechanical  power 
from  falling  water  is  of  great  antiquity,  but  where  large  quantities  of  power 
have  to  be  handled  the  old-fashioned  water-wheel,  whether  overshot  or 


iMPVt.sr.    WatEK  TlfRBISKX 


487 


iiidcrshot,  or  anv  otJior  variety,  has  Ix-on  supcrscilctl  by  flio  turbin.-.  Of 
l,i>  tyiH'  of  vvatVr  motor  th.ro  are  two  chief  varieties  (i.)  the  imiMjlse 
lubiiic,  and  (ii.)  tlir  K.iMi.m  tmbiiu'. 

In  tJie  tirst,  the  impulse  tyiK\  «  jet  oi  wati  r  i--  diir,  t(  (\  aR  iin^t  a  series 


of  buckets  set  upon  the  periphery  of  a  wheel  ;  the  position  of  the  nozzle 
producing  the  jet  being  fixed,  the  wheel,  which  is,  of  course,  free  to  move, 
is  driven  round,  and  jKwer  can  be  obtained  directly  or  indirectly  from  its 
shaft.  Ihe  rotoi  of  such  a  turbine  capable  of  developing  6,000  H.  P.  at 
375  R.  P.  M.  has  already  been  illustrated  in  Fig.  256.  page  257.   To  give  a 
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'te  41^-CroH-Stciiaii  iif  a  icuiao  H.  ». 
iUacliea  Tarbim.^ 


bcttrt         Of  the  .Irtails  a„.l  „f  th.  .li,n.„sions,  I.'i^s.  4,u  and  405  are 

or.    Ihcn.  are  twcn.y  InukCs  a.ul  two  jHs  ,„  ua,- r.  ,.„.■  ...  ,h.  j.  , . 
being  at  an  angular  distance  relative  to  tl,.  ax,.  ,.1  ,.,tat.on  ..f  alM.„, 

45°  Ix'hind  iIk  ..tli,  i  ,  tint  nuards  the 
ixwition  of  till-  buckets  tlie  two  ji-ts  an 
not  in  the  same  phase.  The  dinutisions 
Kiv.n  oil  the  (IrawiiiK-  an-  in  niillimftrrs, 
md  some  of  tluni  are  wxy  interesting. 
Thus  the  main  supply  pijje  bringing  the 
water  to  the  turbine  is  (xk)  nun.  (lyu  in.) 
in  diameter  internally,  the  two  branch  pipis, 
on.  tor  ,  .1,  ii  nu/zlc.  l)i  ing4oo  mm.  {1575  in.) 
iii.lianu  ter,  the  buckets  are 490 mm,  (19-3  in.) 
wide  overall,  and  then-  tips  are  on  a  eirde 
2.260  mm.  (7  ft.  3  in.)  in  .iiam.  tir.  What 

•r   -  -  iiiik:;;^  vt^z 

.lis  ti  s •»  «» 

gential  (hrection.    The  (juantity  of 

water  issuing  from  llio  noz/Us  at  a 

«i«rmitc  vdotity  is  controlled  by 

"  nt  tdlcs,"  whose  shape  is  dearly 

shown  in  the  drawing,  and  whicii 

ran  be  moved  lurwards  or  back- 
wards, thus  regulating  the  size  of 

llie  oiKiiing.    The  water  is  brought 

to  the  wheel  by  pipes  or  jH  iistocks 

in  a  manner  described  elsewhere  (mv 

page  501)  the  total  head  bdng  j  50 

metres,  or  1,080  ft.  At  full  load 
the  water  delivered  is  1,700  litres, 
or  .575  .gallon^,  per  .econd. 

The  other  general  method  em- 
ployed in  the  reaction  turbine  is 
illustrated  in  Fig.  4. ,6.  which  is  a 
vertical  section  tlinnigh  the  vertical 
axis  of  one  ot  the  more  recent  tur- 
bines installed  at  Niagara  by  the  Klectrical  D.vdopn.ent  Conmany  of 
(  ntano  m  a  power-house  on  the  (  anadian  side.   The^e  turbines  are  installed 

Z  '''■*'P'  ^"'^  ''^^  ^^t^^"-     brought  down 

to  tiicn.  irom  the  nvcr  above  by  the  large  vertical  pips  or  penstock  seen 


i  'vt-         10,000  H.  I".  KtKtioa  TwWa*. 
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in  the  figure.  This  wrtiiiil  >trtain  of  watir  is,  it  will  »>e  obsorvcil, 
.livitleil  into  two  streams  at  the  Imttom.  Un  there  are  two  turhiiits.  an 

tipiH'i-  iind  a  low.  r  niic.  ui>«>ii  the  >h.\H.  The  tiiil>in(S  arc  what  is  known 
as  mwanl-tlow  tnihints,  that  is,  thi'  im-ssiiiv  wati-r  ••ntiniiiiK  Wm-  ix  iiplitiy 
of  the  movini;  vvlmK  a>  -»cn  by  the  sertions  a  a  of  tin  m.  I'  -m^  i.i|><  s 
I-  ilirerteU  by  lixtil  blades  a  a  a|;aiii>l  tlu'  moving  blaiWs  b  1/  altai  lnil 
lu  tiie  wheel.  Both  sets  of  blades  an  i>i.i|)<  ily  i  urvtHl,  so  that  the  water 
enters  the  nutvinn  wiu-el  without  >\un  k  m  nidus,  and  .is  it  tlnws  mw.nds 
forces  the  wheel  blades  round.  Having  Kiviii  up  tlu  nu:\\v\  jurt  «.f  it> 
energy  it  passes  to  the  large  central  e.xhaust  chamlx-r  r,  and  theme  to  the 
tail  race,  whence  by  means  of  a  tunnel  about  2.00O  feet  long  it  is  carried 
to  a  ix)int  IkIuuiI  and  l)eneath  the 
celebrated  Horseshoe  Falls,  where  it  is 
discharged  into  tlie  river. 

The  turtine  shown  in  I-ig.  4o()  can 
develop  ij.Odo  n.  i'.  .it  .'in  K.  I'.  M.,  tliis 
jHJWer  being  transmitted  by  the  vertical 
ishaft,  which  is  115  feet  long,  to  an  8,500- 
kilowatt  (generator  in  tlii'  power-house 
nnmediately  over  the  wheel  pit.  This 
power  house  was  designed  to  contain 
eleven  of  these  sets,  and  will  be  re- 
ferred to  again  later. 

The  way  in  which  tlie  water  passes 
through  the  fixed  blades  to  the  mov- 
ing blades,  in  a  radial  inward-flow 
tmhine  of  the  reaction  type,  can  he 
In'tter  seen  in  Fig.  4<j7,  wliidi  is  a  section  of  a  reaction  turbine  with  a 
horizontal  shaft  capable  of  developing  10,000  11.  p.  The  water  enters 
Iroiu  tlie  penstock  through  the  opening  shown  at  the  bottom,  and  I*.  >ws 
round  the  outside  of  the  wheel  in  a  channel,  which  from  iH'ing  55  i, .cites 
in  diameter  at  the  entrance,  gradually  narpi^vs  as  the  water  is  di  iivt  rr.i  \\p 
to  the  wheel.  The  water  is  guided  iivto  the  wheel  first  through  a  tew 
fixed  outer  guide  vanes  a  a  a,  placed  fairly  far  apart,  and  then  through 
an  inner  series  of  fixed  guide  vanes,  thirty-two  in  number.  i>laced  dose 
together,  which  completely  encircle  the  moving  wheel.  The  vaius  <>n  the 
latter,  which  slope  in  the  opposite  direction  and  receive  the  tU>wiiif;  water 
after  it  has  passed  the  tixed  vanes  are  thirty-four  in  number,  so  that  the 
position  of  each  moving  vane  relatively  to  the  fixed  vane  opposite  to  it 
(hffers  slightly  from  that  of  its  predecessor,  and  there  are  no  dead  p.iints. 
.^fter  tlowiitg  past  the  moving  vanes  and  driving  the  wheel  rouiul,  the 
water,  deprived  of  its  "head."  enters  the  tail  race,  and  is  led  away  from 
the  cenue  of  the  wheel.  The  external  appearance  of  the  wheel  is  ^Kwn 


Fig.  499.— LoniiLiu<Un.>l  SettioB  o«  io,uiw  H.r. 
rurbinc. 
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In  Fir.  40«.  an.l  a  v.  rli.  al  sr,  ti..n  ln,.j,ntu.lin..lly  through  tlu'  shaft  is  <^hu\M 
in  l  it;  4.,,.    I  Ills  will  enal.l.-  tlu-  iva.lfr  to  m:ikr  out  farther  details  ,nd 
fsiH.-cialiy  Uu>  mechanism  by  wluch  the  ansle  of  th.-  II  irtv-two  t 
vanes  can  he  simultaneously  altore.f  U.  reduce  or  itu  r.  ,  ,  ih.  mildIv  f.i 
water  to  thf  iiioviii-  wlif.l  ' 

W-  al..)x,  (..uaKiaphs  an.l  fiKurcs  illustrate  the  dii.  f  two  u.tthP.ls  of 
conyertuig  the  vmrny  of  falling  water  mto  mechanical  rnerKy  bv  mrans  «f 
modern  turbines.  Both  metho,ls  can  Iv  ,„ad.  to  give  exrell.  „t  resuHs  ami 
tt  i»  not^oncommon  to  find  wheels  of  each  type  ,i  inr  t  .wer  water  drawn 


tig.  soo.-Nugar«  KJI,  Powei  Company  s  No.  .   

from  the  same  source  It  will  b.-  ,,..,.1  that  the  shaft  of  the  turbine  may 
t  tlu.  In  vertical  or  l,on/o„tal ;  i„  laet.  theoretically,  it  might  be  placed 
at  any  a„,le  but  any  other  of  the  possible  positions  woSd  be  £^ 
venient,  and  load  to  practical  difficulties. 

an  fxtC'ev!'"!"  ^  it  has  been  called,  furnishes 

an  excellent  example  ol  the  utilisation,  on  a  large  scale,  of  this  particular 

thS^Zch  Xotw.,l.tandi„g  the  fact,  therefore. 

Sjsta^c  ,    f  Niagara  especially  ir.  the  earlier  and  more 

uimcult  stage >  dates  ha.  k.  now.  a  fair  number  of  years,  it  is  worthv  of 

mTnlSn  ""^-^^   P"'"*^  Amongst  tlK.e^7^ 

mentioned  the  larpe  amount  of  power  whi.  h  is  actually  handled  elecr.caUv 
and  he  .llu..ra„u„s  win.  h  the  various  schemes  adapted  c^  fii;^h  oi 
the  dilferent  methods  of  utilising  the  energy  of  a  mXately  higH^ 
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The  ronipKti-  history  of  tht;  •IfVcUniiiniiK 
,i„  u;v  lii'tn  Ni.tKiira.  althoiiRh  !as«  matinK  in  i 

|i         ii  r  .iimnillt  (It  Np.K  !■  lii.iii  H  lirir  .  .1 

i,i,tiuKal  iillu>ions  ran  only  Ih-  Ihr  ImcU.-t  iHi~>ilii'  In 
li-  iisv.it.iis  which  pm-wUd  th.-  lirst  attempt  to  lUilwo  i 
■  111      l,iiu<'     'I''  '  i'K'iriiKnt   ii:irt  was  taken  '>V 
,iaf;aiii   t  oinuii   ion  v.iiuh   nul    iii   I.iintlon,  ami 
.  iisineers  vnrc  promiiwnt.    Two  gfweral  ,  tethcnl. 


ill,  wcitUl  •!  'nanil  a 


til. 


wrre   a".  1 


ire  lla* 

uu  .tfV 

a  tl 

•^nRlish 
I  ^  4«>  f<)» 


-  I  h.-  i 


"  iiarnt 
Ik'  insla 
ord"'  ii 
or  w. 

pits  Ml 

off  ■ 
chaii-'i' 
Falls 
having, 
at  the  i 
hot!"' 

couUi  ii 
recommead  tl 


"  li 
on  til 
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.  ,1  watt 

till"  W.i 

..•  al- 
IW  ot  1 1 


l-alN.  Th. 
.   hank  • 

lu'ar,  o 
1.  Miild  iVi 
.     111.  a 
nwai. 


It 


, !    =  v  ith  all  it«  niarhinory  tiiiKht 

IT  .  i        .    thf  Fall-  ;  in  tlii-  (  a-c  .  in 
1  ,lit  be  utilised,  the  water  wlieds 
glared  at  the  bottom  of  deep 
i-       -vould  have  to  hi-  iiiadf  U>  (  arry 
aee  in  the  ttirni  ut  a  tniiiii  I  dis- 
(Mjiiit  into  the  gorge  below  the 
I  ,1.1  airy  the  water  by  canals  or  pipes, 

;t,e  I  .,  ,1  (onvi  nient  position  or  jiosititms 

the  g.       and  to  place  the  water  motors  at  the 
I  T  It    .1.  m  which  case  the  water  when  u-id 
■y  into  the  gorge.    The  Commission  decided  to 
»od,  and  the  first  large  power-house  was  designed 
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to  carry  it  out  tlx.u^'li  it  may  he  noted  here  that  in  later  years,  and  after 
th.-  s.i.Toss  of  tlu.  Inst  attemi.t  was  assured,  both  methods  have  been  us,.,l 
on  a  lar^e  scale  on  both  sides  of  the  river. 

•'"I^rtant  recommemlation  nia.k-  l.y  the  Con.niission  was  that 
ho  .n.hvi.kial  units  shonl.l     .,1  3,oco  H.  P.  each,  a  size  which  up  to  that  time 
ha.l  not  been  constructed,  and  in  the  design  of  the  detaUs  of  which  many 
new  problems,  electrical  and  mechanical,  had  to  be  solved 

The  first  large  station  to  be  erected  and  e<|nippc,l  was  Station  No.  i  of 
the  Niagara  Falls  Power  Company,  which  commence.!  to  sell  electrical  cnercv 
m  1895.  The  station  was  above  the  Falls,  on  the  American  side,  the  turbines 
'  •  _   _      being  placed  in  a 

1  wheel  jiit  about  lOo 
feet  deep,  and  the 
tail  race  being  a 
tunnel,  discharging 
into  the  gorge 
Ijelow  the  Falls. 

An  interior  view 
of  this  station  is 
given  in  Fig.  500, 
which  shows  the 
large  generators  ar- 
ranged in  a  single 
row  down  the 
length  of  the  room. 
They  stand  fiver  the 

Ssin'^if  ti:  T'^^K  Ti        turbi::^;;L^;;  ti: 

tunlT  T,       ^  •^'^^■^'''^'■^'"K  tl'e  "sed  water  into  the  tail-race 

•  n"  i     Ir  ^.-.o  «.  p..  generating  two-plu!^ 

ll  «   d  to  ti  7  "    .."'^  R.  P.  M..  Ld  the  station'  was 

One  of  these  alternators,  which  are  of  the  so-called  "umbrella"  ype 
u>  IH  n  descr,he.l  elsewhere  (v..  page  261).    A  better  view  of  the  S 
thu.  a  ternators  erected  is  given  in  Fig.  501.  which  is  n-produccl  from 
nS  of"C'^  ''''''  ''-'^^^  construction  and  equ  pl 

n.i  Iv       ,     "■,       '  i^^^^  is  the  top  of 

a  stairway  leading  down  mto  the  wheel  pit 

th  .t\'h"  '"'"P'*=*'°"       ♦Ws  first  station  it  became  evident 

that  the  demand  had  been  under-estimated,  and  a  second  station  (No  2 
was  very  soon  Ix.ing  designed  to  contain  eleven  additional  se  feacl  of  tl 

fo  e  w        "'     \"T  ""■'^■'>-  5-»»o  The  two  sta  ions.  Ire^ 

fore,  uue  designed  for  a  total  capacity  of  105.000  H.  P.    A  view  of  tte 


Kig.  s<».-Ni.gTO  tatU  1W„  Cii»p«y-.  No.  .  Sutioo 
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exterior  nf  No.  2  power  house,  reproiUiccil  from  a  photo^i.iph  taken  in  i<)03, 

when  six  of  tin  new  generators  had  been  installed,  is  given  in  Fir.  502. 

This  view  is  taken 

from  the  end  re- 
mote fro  in  t  h  (■ 

river,   the  lenf;th 

of  the  house  being 

p.uallel  to  ;i  fore- 

liay  or  canal  prai  - 

t  it  ally     at  ri^ht 

angles  to  the  river. 

The  interior  is  very 

similar  to  that  of 

No.   I  (Fig.  500). 

the  chief  difference 

being  that  the  iron 

britlge    over  the 

generators  has  been 

abolished,  being 

unnecessary  in  the 

later  machines,  as 

the  collector  rings 
are  placed  at  the 
bottom  of  the  dy- 
namo shaft  instead 
of  at  the  top.  The 
remaining  five- 
generators  for  the 
completion  of  the 
equipment  were 
however  of  the  in- 
ternal revolviiig- 
tield  type,  so  that 
the  two  houses  con- 
tain working  e.xam- 
j)l(S  of  three  stages 
of  the  (le\<loiinient 
of  large  vertical 
shaft  hydro-electric 
alternators. 

The  results  having  thus  rapidly  proved  the  wi-ilom  of  the  projectors, 
steps  were  soon  being  taken  to  utilise  the  water  power  in  a  similar  manner 
on  the  Canadian  side,  where  the  Canadian  Niagara  Power  Company  was 
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nnX^l        H  ^''^  American  .ide  had  born 

n.a.k  cMhat  tins  company  adopted  a  unit  of  i„,o„o  „.  ,..  as  its  .,and.n,l 
su. ,  bnns  niuch  larger  than  had  hitherto  Ken  designed  anv.i,.  re  e 
and  planned  a  pnver  s,.l,e„,o  to  i„,  Inde  ten  sv.rh  units  i„  a  M,„Ie  sta  io  i 
whose  capacity  would  therefore  he  100,000  „.  p.    A  view  of  ;i;is  slat"" 
in  the  early  stages  of  its  equipment,  and  showing  three  alternators  i„ 


1  iiJ.  5 '4- -H|fiiro.£|«aiM:  Sutka  of  CuuhUui  VUmr.  nw,—,  -      mBmiiia   ,  ^ 

.«xuw  niagua  rkmcr  Compuiy  (under  coiiMrutiiun). 

eyouingn„i,i  fNpo.  an<l  arc  i.,  feet  in  diameter  over  all-  tii.v  izvm-xxW 

S^to  di  S  I  T  ^'^'"'.'^'""-"K  works,  which  had  to  he  .nuler- 
the   n  m  i_  V  ,        p "■"^  '^'I"'">'  shown  in 

water  oo„M    ^,,0     ,  ^ 

p.'ns,ocks    T  '^^'f""-  «™K  into  the 

position  IS  shown  ,n  the  map.  had  to  b.  constru.  ted  from  the  site  of  the 
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jxjwcr  house  to  a  convenient  outlet 

below  the  Falls. 

A  section  of  tlic  power  liou-", 
the  covered  part  of  the  forebay.  tlie 
wliool   pit,  and   one  of   the  side 
I  h.inibers  is  Riven  in  Fig.  505.  The 
main  huildin},'  is  600  feet  long,  and 
40  feet  high  to  the 
eiivcs,    the  crane 
iL;ii<lcrs  being  31  fcot 
from  the  floor.  Tlic 
machinery  room 
which  runs  the 
wliok-  length  of  tlir 
buililing  has  on  one 
side     the  ekven 
large  generators 
immediately  over 

the  wheel  pit  and  the  turbine  governors,  and  on  the 
other  side  the  switchboard.  The  covered  forebay  out- 
-ide  the  main  building  forms  a  pleasant  promenade. 

The  subwass  under  the  marhinerv  room  II  ■  on  the 

right-hand  side  of  the  wliet'l  pit  are  used  for  cahlr 
runs,  whilst  the  subway  on  the  other  side  is  also  for 
cables  and  the  substructure  of  the  switchboard.  The 
top  of  one  of  the  penstocks  tan  be  seen  in  the  sec- 
tion.   These  j)enstt)cks,  each  of  which  carries  t la- 
whole  of  ♦he  water  for  one  of  the 
main  turbines  are  122  J  inches  in 
diameter,  the  water  at  full  load 
passing  through  them  at  a  speed 
of  II  feet  per  second.    The  tur- 
bines are  not  at  the  bottom  of  the 
pit,  partly  berau>e  of  tli<'  gre.it 
depth  of  water  in  the  pit  when  all 
the  turbines  are  running,  and  also  because  of  the 
level  of  high  w.iter  in  the  lower  river.    The  tur- 
bines are  therefore  placed  47  feet  above  the  invert 
of  the  tunnel,  a  cross  section  of  which  is  shown  in 
Fig.  5o().     The  turbines  are  twin  invvard-di?-charge 
Francis  reac  tion  turbinr's,  giving  10.000  shaft  n.  P. 
at  250  K.  I'.  M..  with  a  net  elTectivo  he.id  of  136  feet. 
The  principal  dimensions  of  the  tail-race  tunnel 
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s('<  don  ;no  friv-n  m  the  figure  ;  it  is  2.200  feet  long,  the  greatest  .Bmen- 
sions  of  tlir  <  ross.sc(  tion  being  25  feet  high,  bv  nearly  10  feet  wde 

The  side  chamber  shown  near  the  bottom  of  the  wheel  pit  contain^ 
three  vertical  turbines,  each  of  330  „.  r.  and  .hiving  a  continuous  current 
generator  givm^  125  volts  at  r.oo  k.  p.  m.  The  turbines  are  supplied  with 
water  from  a  separate  penstock  36  inches  in  diameter,  and  woik  with  , 
131-feet  head;  the  tail-race  water  is  discharged  into  the  bottom  of  the 

wheel  i)it  as  shown. 
The  continuous  cur- 
rent generated  is 
used  not  only  f,,i 
the  excitation  of  the 
large  alternators,  but 
also  for  lighting, 
ojierating  cranes,  oil 
switches,  pump 
motors,  and  the  general 
work  of  the  station. 

There  are  two  other 
similar  chamlx>rs  at  the 
side  of  the  wheel  pit. 
One  of  these  r()ntain> 
two  powerful  water 
pumps ;  another  the  oil- 
pump,  and  an  air  com- 
pressor. The  lubrica- 
tion of  these  Iiiif;e  ver- 
tical shafts  was  a  diffi- 
cult problem,  as  might 
be  expected,  when  it  is 
noted  tiiat  the  wei),'ilt 
of  the  rc\()l\iiig  parts 
of  a  big  unit  is  about  243,000  lb. ;  forced  lubrication  has  therefore  to  be 
used.    Hence  the  necessity  for  the  oil  pumps  in  one  of  the  chambers. 

In  conclusion  it  may  h-  recorded  that  the  constnution  wurk  was 
commenced  in  Septemln'r,  ii,oi.  and  that  the  Ikst  large  unit  began  run- 
ning before  the  end  of  De.einlhT,  l.)04. 

Meanwhile,  on  both  sides  of  thr  river  advanta,i,'f  was  bcini,'  taken 
of  the  other  metho«l  of  utilising  the  jK.wer  of  the  I-all.  hy  coin  eying 
the  water  from  the  njiprr  river  in  pipes  or  canals  to  the  edge  of  the 
lower  gorge,  and  passing  it  thence  in  iK-nstocks  to  water  turbines  placed 
at  the  foot  of  the  cliff.  In  these  stations  the  shafts  of  the  large  turbines 
aiid  geueraturs  arc  horizontal. 


Ilf.  so«— -Section  of  the  Tail- K  aie  I'muif  I  of  tin 
Powtr  (  unipatiy. 


(-.niadian  Niagara 
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Oil  the  Tanadian  side  the  Ontario  Pdwcr  Company  brou.ulit  the  vvatn 
Id  ?lie  top  of  the  diff  in  a  sttd  pipe  aliout  a  niilf  loni:  and  iS  U  c\  in 
ilianielcr,  laid  undi  ii^rounil  thiou^li  VMuiia  I'arl;.  A  vi' \s  ni  tiir  int.  11.. i 
1)1  the  power  imii-c  at  tlir  tni.t  oi  th.  ,liif  i~  m  1  1;    S'l;.     I  .11  U 

i^cniTatinfj  set 

1  ii|l-i-t^  01  two 

tiiii>inf  wiu  ils, 
each  capable  ot 
d  e  V  0 1  o  p  i  n 
5,000  H.l'.  driv- 
inf^    a  sint,'k' 

H),(M)0      H.  1'. 

alternator.  The 
lii^t  three  si't> 
ire  ;>liown.  but 
the  station  and 
the  water  sn\>- 
ply   were  de- 
>i}^ned  for 
fi^'hteen  sets  in 
all,  or  a  total 
111'  iSo.iHh)  11.  r. 
The  >ets  sub- 
sequently in 
stalled  are  four 
of  I  i.tMHJ  kilo- 
watts  each  and 
live  of  9.700 
kilowatts,  so 
that    till'  pie- 
sint  eap.icity 
of  the  station 
is    well  over 
100,000  kilo- 
watts. 

On  the 
American  side 
the  Ni:i,L;,ua 

l-'alls  llydraulir  I'uwcr  and  Maiiutai  turiii),' ( Cinpinx  ioiiMni(t«d  .1  ^l.itmn 
to  which  the  water  is  broURht  from  the  uppn  riwr  by  an  o]h  11  1  in.d. 
In  tlii>  station  the  Miafts  are  hori/oiital,  and  at  fu-t,  in  tlic  m  l.^ 

were  coinparativi ly  small,  avera.uiiiK  about  i,.25o  ».  i'.  each.    Later,  the 
station  was  enlarged,  and  the  success  yf  large  units  being  assured,  the 
H 
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smaller  sets  were  replaced  by  10,000  h.  p.  sets  running  at  300  r.  p.  m.. 
each  set  consistipf;  of  a  sinf,'Io  turbine  wliccl  diivinR  two  5,000  h.  r. 
alternators  on  the  same  shaft.  The  water  is  brought  down  to  t»ie  tnrbint  v 
from  the  top  of  the  cliff  by  penstocks  9  teet  in  diameter,  the  mininmn: 
"  head  "  being  200  feet. 

Other  large  stations  have  since  been  erected,  but  mention  need  only  be 
made,  in  conclusion,  of  the  station  of  the  Electrical  Development  Company 
on  the  Canadian  side,  placed  above  the  Falls  with  its  turbines  in  a  wlu.' 
pit  138  feet  deep.  Each  turbine  is  capable  of  .levelopin^'  1.5. ooo  h.  v.  al 
three-quarter-f,'atc  opening,  and  is  nmuiitcd  at  the  bottom  of  a  hollow  ;,haft 
115  feet  long,  supported  by  three  intermediate  bearings.  A  section  of 
one  of  these  tttrbines  will  be  found  on  page  487.  It  drives  an  8.500  k.  w. 
alternator  generating  three-phase  curnnt-  at  12.000  volts  and  25  (V). 
There  are  seven  of  these  sets  and  therefore  the  capacity  of  the  station 
is  about  6t),ooo  kilowatts.  The  tail  races,  of  which  at  the  power  house 
there  are  two,  <me  on  either  side  of  the  line  of  turbine  s,  ni<  rgc  into  a 
single  tunnel  which  is  driven  under  the  bed  of  the  upixr  river,  and,  at 
a  cli-tatKc  01  about  2,000  feet  from  the  power  house,  discharges  its 
water  from  tlie  lace  of  the  cliff  over  which  the  FaUs  themselves  i»ss, 
and  behind  the  curtain  formed  by  the  celeijrated  Horseshoe  Falls. 

Stations  utilising  High  Falls.  Niagara  is  an  example  of  a  com 
paratively  moderate  fall  which  derives  its  importance  from  tiie  fact  that 
it  is  interposed  in  the  course  of  a  river  which  is  carrying  the  water 
collected  from  an  enormous  drainage  area.  The  district  itMlt  is  not 
mountainous  in  the  ordinary  acceptation  of  the  word,  .uul  the  avirage 
fall  i)er  mile  spread  over  the  greater  length  of  the  waterway  is  not 
excessive.  Similar  examples,  some  of  which  may  in  the  future  play  a 
still  greater  pMt  in  industrial  development  occur  in  other  parts  of  the 
world,  the  most  notable  of  which  as  yet  disroveied  is  prol)ablv  the  \  ictoria 
Falls  on  the  Zambesi,  in  Central  Africa,  where  the  sudden  vertical  fall 
is  about  tlu'  c  times  that  at  Niagara,  and  the  water  passing  over  is  col- 
lected  from  probably  a  larger  drainage  area  A  still  higher  fall  o(  c  urs  at 
Kaietcur.  on  the  River  Potaro,  in  Britisli  Cuian.i.  where  there  is  a  drop 
of  over  740  feet  The  quantity  of  water  available  and  the  drainage 
area  are  large,  but  accurate  statistics  are  not  available. 

In  mountaineus  ^istricls  Ae  conditions  are  different.  There  great 
quantifies  of  water  fall  down  a  (mMderablc  vei  s.  al  height  in  tlu  course 
of  a  fiw  miles  of  direct  horizontal  travel.  The  water,  however,  is  usually 
sfdit  up  into  a  nunilxT  „f  streams,  no  one  of  whicfc  emnes  a  quantity  of 
wat«r  which  can  he  compared  to  that  carried  by  t.'ic  N  -ar.i  or  the  Zamht  -i 
rivers.  Moreover  the  greater  part  of  the  vertical  fall  1  no!  i.ik.  11  abruptly 
in  a  Single  leap,  but  in  a  '-eries  oi  cataracts  or  junijv..  \v>  •>n<^-  o!  which  l^'itself 
would  be  capable  of  generating  a  large  quantity  of  mechanical  or  ekctekal 
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jdwcr.  The  tf)t;i!  water  power  is  tluis  split  up  over  a  cotisi<Ural)lc  an  .i, 
.md  if  it  W  clfsirtd  to  utilise  it  on  a  lar^c  scale,  ^•ll^;ineering  works  of  varymt; 

luiiitude  and  costliness,  depending  on  the  physical  features  of  the  country, 
iiive  to  lie  undertaken  to  concentrate  the  water  with  snfficicnt  "head" 
at  a  single  spot  where  large  turbine-driven  modern  generators  c;'n  be  in- 
lalled.  These  works  consist  of  dams  placed  across  the  mouths  of  valleys 
1(1  impound  the  water  coining  down,  of  pipes  or  op-n  conduits  or  flumes 
,  jiiied  along  the  sides  of  the  mountains,  of  tunnels  through  the  mountains 

which  the  water  is  transferred  to  a  neighbouring  valley,  and  of  other 
c  ngineering  devices  all  having  the  one  object  of  concentrating  a  sutlirient 
quantity  of  water  at  a  sufficient  height  above  a  position  convenient  for 
I  lie  erection  of  a  power  house  to  which  the  water  is  finally  conveyed  by 
vertical  or  nearly  vertical  penstocks  from  the  high  level  where  it  has  been 
collected  to  the  power  house  below.  The  tail  race  a.s  a  rule  presents  no 
difficulty,  and,  in  fact,  it  is  not  uncommon  for  the  water  from  one  power 
li.iu>c  to  be  again  collected  and  made  available  for  the  |Voduction  <  ddi 
tional  power  at  another  power  house  at  a  lower  level. 

It  would  be  beyond  the  scope  of  this  book  to  descrilx-  in  detail  ; 
various  devices  for  collecting  the  water  and  concentrating  its  energy  at  a 
convenient  jioint,  but  the  final  stages  of  conveying  the  water  to  the 
power  lio>..  u  may  claim  a  little  attention.  Fig.  508  gives  a  view  of  the  power 
house  at  Rio  das  Lages,  in  which  the  sloping  penstocks  bringing  the  wat»  r 
down  from  the  higher  level  to  the  power  house  are  clearly  discernible.  The 
station  is  in  the  moimtainous  district,  fifty-six  miles  from  Kio  de  Janeiro,  in 
Hrazil.  and  is  intended  to  supply  electric  energy  to  that  city,  to  which  it  is 
transmitted  from  the  power  station  by  three-phase  currents  at  So.ooo  volts 
pressure.    It  is  estimated  that  120,000  h.  p.  is  available  in  the  driest  season. 

Tlie  penstocks  seen  in  the  figure  are  six  36-inch  iron  pipes,  each  about 
1,900  feet  long,  leading  from  receivers  at  the  top  of  the  slojx\  which  are 
900  feet  above  the  level  of  the  power  station.  The  large  reservoir  which 
stores  the  water  is  at  a  still  higher  level  about  a  mile  farther  away,  and 
when  it  is  full  the  total  head  available  at  the  power  house  is  1,030  feet, 
which  represents  a  pressure  of  445  lb.  per  scjuarc  inch,  this  pressure  being 
obtained  by  a  horizontal  travel  of  alwut  one  and  a  half  miles  from 
the  reservoir  which  collects  the  water  from  the  drainage  area.  Each  of  the 
|H  iislocks  supplies  water  to  a  turbine  which  at  full  gate  and  head  is  capable 
of  developing  9.000  H.  P.  Earli  turbine  is  directly  coujiled  to  a  three-phase 
a!tern;>tor  which  generates  6,000-volt  currents  at  sow.  For  transmission 
the  voltage  is  stepped  up  to  80.000  volts  by  suitable  transformers.  As  the 
demand  increases  additional  j  lant  will  be  installed  and  will  be  supplied 
with  water  by  additional  pcnstwks. 

As  a  second  example  of  a  high  prcssnre  water-power  station.  Fig.  509 
gives  an  external  view  of  a  hydro-electric  station  in  the  River  LSntsch 
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.quipped  in  the  innuntaiii<iii>  district  in  the  north  of  Swiucilaml  by 
M,  ,>rs.  Brown,  Bovt  ri  and  Co..  Liniitrd.    The  water  is  drawn  from  the 


rv.  509.— High  "Mead"  Hycbo-Eketrk  Souoa  ia  SwiUttlud. 

Klonthalersep,  n  r.itMU'.tain  hike,  tlie  water  fv  mi  which  is  brought 
through  a  tunnel  tlirou^li  the  -olid  rock  of  the  Wingis  mountain  for 
over  two  and  a  half  miles  to  tlie    top  of  the  slope  seen  in  the 
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l>i(  ture.  Il.  rc  flu'  conJuit  formed  by  the  tuniul  m.ikos  a  watiTli,;lit 
a.iicretc  jumt  witli  tlie  tivls  of  the  three  wel«!c<!  steel  pi|H-s  whieh  are 
lo  carry  the  w.<Ur  to  thi-  i><>\vcr  Ikium^  .it  tin-  t<"'t  "t  i\t<-  <  liif.  llu  ^o 
high-pressure  piixs  are  alnjut  1,400  yanb  long.  Mid  ,iie  v«i\  li'.ivily 
.mchored  in  section  lenfjths  ♦o  the  rock.  Tlic  (ham.  ler  aru  s  m  the 
.Iilf.Tent  so.tions  from  53  iii'  li'"  at  tlic  U>\<  nf  tlie  >loi>e  to  41-4  inches 
ut  the  l)ottnin.  Ihe  vertical  l.ill  tiom  tlic  ■  f  tlu-  y\\w<i  to  t!»e  jxnv.-r 
house  is  1,070  kvt  aiul  the  working  "  li.'.i.l"  .it  tlir  tuil)iiu>  w  ,il-..ut 
I  ..<)o  feet.  The  jx-nstock  pipes  are  brouglit  round  tlu-  front  of  the  jxiwer 
house,  so  that  if  any  of  them  burst  the  water  vrould  not  tloo<l  tlic  power 
house,  but  flow  away  harmlesdy  with  the  tail  race  down  the  river. 


•  iieail  ■  Hv<lro-KU*  trie  SuiKni 
in  SttH^ti  l.iinl. 


A  plan  of  the  station  is  given  in  Fig.  510,  one  half  of  wliich  is  drawn 
as  the  plan  of  a  horizontal  section  abo-.  e  the  generating  sets,  and  the  other 
half  as  a  horizontal  section  IrIovv  the  iiuuliiius,  but  above  the  horizontal 
lengths  of  the  incoming  pressure  water  pipes  from  the  pcnsto(k>.  A 
vertical  cross-section  of  the  building  looking  towards  the  switdiboard 
f^alli  IV.  which  is  at  the  eiul  iit  au>t  the  pcnstoiks,  is  given  in  Fig.  511. 
There  are  six  generating  sets  on  the  tloor  ol  the  station  arraii^d  in  i  single 
row ;  they  are  grouped  in  pairs,  t  a.  li  pair  being  supplied  with  water  from 
one  iRnsto.  k.  l  lif  cour-e  of  the  supply  pipes  and  of  tlie  common  tail  race 
for  the  six  turbin.  s  t  an  be  traced.  Some  details  of  these  particular  tui bines, 
which  are  nl-e  turbines,  arc  given  el-ewlu  re  {see  pap-  -'57  4''^'|), 
They  each  develop  6,000  11.  p.  when  running  at  375  R.  r.  m.  The  alli  rnalors 
have  also  been  described  (see  Figs.  257  and  258,  pages  258  and  25.>),  and 
it  need  only  be  re-stated  here  that  the  output  of  each  is  5.250  K.  w.  a.  at  a 
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pm-iT  fartor  of  o-S  ,m  full  l..,,.!.    Th,  .  mm<  nt  i-,  i;,  :„  ,,,|,  ,1  .,t  s  ,  ,  ,,  voli 
whii  h  is  rais.'.l  for  Jr.iii-Mn-H..ii  In  j;,.,,    \,.||-  |,y  .me  nr.Mii)  (,l  tr.mM..riiui-, 
<.i  lu  js.  v    \olt-;  1,\  .moilin  i;,,,,,,,.     1 1„  „,  iiaii>fornuTs  it  will  Ihi  notimi 
an-  (..iii.iiiua  in  .itamUis  Ulow  the  level  oi  the  nMuhim'r>'  flow;  thtTo 
is  one  transfornuT  to  «irh  madiitu-. 

As  a  Una!  rxample  of  a  'iii-li  tall"  ^..fion  rcfcrciuo  in..v  !).•  nia.l. 
to  the  lari;.  >t  liyilrr.-iU><  trie  n.  ii.  latiiiK  >tati<>n  in  Grtat  Jiritain.  win.  ii 
howtv.  r.  IS  nut  a  pul.li,-  supjily  station,  but  may  bo  briefly  di-M-rilHti 
lu'rc  as  iKinK  uf  siM-cial  intt-rest  to  our  h  i.!. 

The  works  ar.«  n  inarkahlc  from  m  v.  r al  points  of  vi.  w.  In  tin-  lii-i 
I'l  1' '  III'  \  an-  ii.a  ri(  ar  any  lu.lu-trial  rentrt-.  nor  is  any  transmission  sclicnu- 
«oi.ii.(  t.M|  will,  tiuin.  All  th.'  i>ower  K»neratnl— over  Ji.ooo  kilowatt. 
IS  utilisnl  on  the  s|)ot  for  tlic  i-l.Ttrical  pnxliK  fion  (.f  aliiminiiim.  I  ho 
l«.vvi-r  ..latioii  at  Kiiiln.  „.  ,,,1,1,  mMv  miL  s  t.la-uiw.  ami  not 
far  from  tli.  li,  a.l  oi  I.o,  |,  l.,.v,  ii.  win.  h  is  lir.  ly  .ku-mI,),.  Irom  tin-  opni 
~r  1.  I  ll,  wl;,,Ic  ni  (hf  Works  whuh  wm-  n-ady  lor  ninninf,'  in  kk  <).  Ix  loiif- 
to  till'  hnti^li  Aluminium  Company,  I.fd. 

Till-  rosrrvoir  from  which  flu-  wat.  r  is  ,!ia\\ii  i-  ahont  i.(„.o  f.ct  ah.av 
th.'  I.  v.  i  ,,f  thr  powrr  -talion.  Till-  1. nvuir  lia-  h.  ,11  lnii,i.  .|  by  throw- 
uiK  a  .lam  l.vt  Iouk  aiul  cS()  hvt  liiyh  at  its  hlKla-^t  p<iiiit  across  the 

valley  of  the  Kivir  Blarkwatcr,  thus  imiHHmdinK  the  water  falling  on  a 
ratchm.  nt  ar.  a  of  about  -qnaic  miles.  When  full,  the  water  surface  is 
7.1  milo  Ion-,'  ami  \  iniii  wide. 

111.  wat.r  ...nww.l  to  tli.-  ]).,w.r  house  first  by  a  concrete  conduit 
■S  l.'ct  wide  and  .ii  inilis  lon>,',  which  f..!iows  11..  windim,'  ..f  the  vall.y  .,f 
th.^  I.eveu  an.1  only  .In.ps  17  feet  in  its  wh-  l.  immh.  icnninatinK  in  a  p.n- 
■^lo.  k  .  lia.ul.rr  li..in  wlii.  Ii  pip-  lines  m  lice  pipe  lii,,  ^  aiv  six  in 

" '  ■  welded  steel  pipe,  having  an  internal  .liaim  t.T 

"I  ;m  nir|„  <.  hac  h  hue  is  \\  mile  hmK  and  .lischarKcs  its  water  ri  o  I"  t 
below  th.'  w.  ir  crest  of  the  p.  n-to.  k  chanib.  r.  The  ap|  ,  aiam  .'  ot  "t|„  se 
hues  as  th.A-  pass  ,lown  the  liill.ide  Inun  tlu-  penstock  chainber  is  >hown 
m  M  ii.v  inter.stinK  problems  had  I.)  1h-  .solved  in  layinfr  flic 

I>ip<s,  but  It  is  iiniMw>ible  to  refer  to  them  h.Te.  The  water  deliv.  nd  to 
the  turbines  has,  it  will  Ix-  m.f.'.l,  a  m-t  >tatic  "head"  of  (,55  le.t  or 
.(Oh  Ih.  per  M,uaie  ineli,  hnt  .il.out  .'4  leet  ■lua.l"  is  lost  in  friction 
ni  (he  pi|„.s.  riie  t.iil-ia,  ,.  i>  a  tunnel  muler  the  |x.wor  house  win.  h 
di..  liai-.-s  m  an  o|K-n  conduit  about  7m,  feet  lonf;  to  an  outfall  int..  the 
KjViT  I, even. 

The  turbines  use.l  are  nnpul,,.  tnrbines  (Pelton  wluel>),  the  wheels  being 
8  le,  t  111  .liameter  aii-l  Hiiular  to  tli.  turbine  illustrattnl  in  Fi^s  256  and  404 
but  with  tlie  two  no/^l.  s  low.T  .lowii  ami  .l.,M  r  tMi;,  i|„  r  ,11,'.  ,  tin.,  tl.o 
w.iter  uiulenuath  the  shaft,  which  is  huri/..ntal.    il,.,v  ai..  nine  1  niio 
tiirbmes,  each  of  j.aiKj  &  h.  p.,  and  two  small  turbines  of  930  b.h  p  each- 
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1,0  larKC  «  ts  ran  at  .joo  to  3>.  R.  p.  m.  an.1  the  *iiuiU  ^  ts  at  4«hi  to 

Ui>  K.  p.  M.  .  ■         •  I 

riu-  -station  is  a!s<»  remarkable  anioni^M  lari;.-  in.KUrn  >tatu»ns,  iuummi,  1. 
only  ...ntimiuu.  .uii.  nts  ..iv  u.  ii.  latol,  iln>  l"  in|{  .hu-  to  the  fact  that 
Ml.  li  currents  arc  rciuired  for  tlu'  i>io.lu.  tiuii  oi  aluminium,  and  that  tlu-re 
i,  no  necessity  iot  high-voltage  A.  c.  otrrents  lor  long-distance  transmission. 


Hi  5. J    l       l-'""  "f  "«  KinlochlevMi  HjrUra-Kl«ttk  SlMkm. 

Each  large  turbine  drives  directly  two  Dick.  Kirr  c  c.  -lyuain.is,  wit!-  a 
t.,tal  maximum  output  of  2,200  kiluNvatts  at  275  v„lts.  The  u.ttr.or  oi  the 
imwiT  btation,  indudim,'  mo^t  of  the  lar^r  xts.  i>  shown  m  Fit,'.  31.I  'he 
Pclton  wheels  arc  on  the  k-ft-haiul  .  u.l  ot  i-a<  i.  s.  t,  an.l  th.'  tw..  imii...s 
coui.lr.l  on  its  shaft  can  Ix;  easily  distinguished.  The  niaxmunu  <  unvnt 
from  each  set.  it  will  he  noticed,  is  8,000  amixTes.  and  th.-  total  maxuutim 
current  from  the  nin.-  sets  is,  t !....■....!,....•.  t2-o,.,,  anuHirs.  Ilu-'  . nor- 
mous  currents  are  entirely  used  in  the  manufacture  ol  ah:nummn.  In 
the  small  turbines  each  wheel  also  drives  two  Dick,  Kerr  dynamos;  one  ol 
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these  m  each  set  has  an  output  of  550  kilowatts  at  275  volts,  and  is 

for  lighting  the  factories  and  tlif  village,  for  drivinR  motors,  and  for  excitin  - 

the  larpe  dynamos,  when  running,  at  a  low  voltage.    The  other  dynamo 


h;ui  a  maxnnum  output  of  <j4  kilowatts  at  550  volts,  use<i  for  traction  and 
crane  work,  and  also  for  supplying  current  to  outside  arc  lamps 

It  IS  mtriv^imK  to  iu;te  that  tiic  distribution  circuits  and  all  their  con- 
nectioiis  in  tliis  uiiKiue  installation  are  made  by  bare  aluminium  conductors 


HyPKo-ELECTKic  S..,r/.'.v<  inr/r  AfoDERATE  Furs  <507 

in  the  form  of  strips  carried  on  porcelain  in>ulatois,  Tlu'  tot;il  Icnplh  of 
l.ni.  is  and  (listribTitors  is  about  nine  milt-s. 

Stations  utilising  Moderate  and  Low  Falls. -An  mtorost.ng 
(xuniple  of  a  hydro-electric  public  supply  station  with  a  moderate 


t  ig.  514.-  riw  ViBoUi  Hydro  Etactiic  SiMion  00  th*  Riv«r  Tkino  (Ittly). 

"li.-ad"  is  the  Vi/.zola  power  station  on  the  Kivor  Ti.ino  !n  northern 
Italy,  some  20  miles  from  Milan.  An  external  view  ..t  the  buil.linKs  is 
given  in  Fig.  514.  The  lower  buUding  is  the  ix>wer  iiou>e,  and  the 
upper  building  U  at  the  end  of  the  forebay,  its  function  .K-ing  to  regulate 
rr-  ^jj^   supply  to  the 

penstocks  whirh  <  i'n- 
vey  the  water  to  the 
power  house.  The 
forebay  with  the  weir 
on  the  left  is  >hown 
in   Fig.  515-  This 
forebay     is  about 
2,000  feet  long,  and 
rcri'ives    its  water 
from    a  canal,  the 
intake  of  which  is 
about  3i  miles  from 
the    forebay.  Die 
shiio-  t,Mtes  at  tiie  end  of  the  forebay  can  pass  200  cubic  metres  (nearly 
200  ti'n>)  of  water  \>ct  sckhkI. 

Tlie  mterior  of  the  power  house  is  siiown  in  Fii,'.  3i'> :  <'"^  '^""^ 
piiH  .  which  are  so  prominent  in  the  picture  carry  tlu-  vv.it.  -  u,nu  \  Uv  , 
ends  of  the  steel  penstocks  into  the  turbine,  the  availal)le  "  heaU  "  varymg 


-  Fjrcbay  and  Weif  oT  lb*  Viooi*  Hy<lwKlei.Uic  S,«uju. 
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from  So  feet  to  95  feet.  Th..  -l.,dls  .,1  ,1...  tu.l„.us  are  horizontal,  and 
each  carries  two  water  wl,. ,  Is  of  the  ra.hal  u.ward-llow  reaction  type  • 
ca.li  wlivel  can  dcvolop  i.,,„o  n.  p.  when  running  at  187  r  p  m  The 
alternators  coupled  to  the  turbine  shaft  have  ,,  lor.nal  ..ufpt.t'of  1650 
kilowatts  the  current  generated  bcin^  th.cc  ph.  o.  at  ii.ow,  volts,  ami 
50  «.  There  an-  te,i  of  (hose  alternators  and  three  145-kilowatt  exciters. 
The  m  er,,,r  of  a  moderate  "  head  "  hydro-electric  power  station  with  v.-rti- 

TV 

1^ 


1 


/  ? 


A-L     <  <oar ,  im» 


[I 


Fig.  ji6.-laMn(ir  uf  ilw  Vinola  Hy(ii»KicctriG  g»i^Hi 

trati^  Ani.Tican  pr.-irtire.  the  nKul,i,..-s  Wu,^  si.nilar  to  the  sIow-spe«l 
a  ternatordescn  H  <1  on  page  227.  and  built  by  the  General  Kleclric  Cmpanv 
«l  Anu  ru  a  The  station  is  about  20  miles  from  Schenectady,  and  is  fed 
w.  h  water  from  the  River  Hoosic  by  a  canal  an.l  penstock  of  alx.ut  a 
mile  m  total  length,  the  river  being  dammed  at  the  intake  so  as  to 
gne  a  u,..t,T-pow.,-  e.tnn  ,te<l  under  ordinary  working  conditions  at  over 
.v^.'uo.ooo  k.lowatt-hours  per  year.    The  average  working  •■  h.  a.l  ■  is  145 

kil.  w  ,       .  J'-^'-         has  an  output  ot  4,000 

kilowatts  at  40  r^j  and  4.400  volt^  when  nmnint;  at  300  K  r  m  the 
nirrents  are  th,.  .-  phaM-.  The  e.vciters  are  dnven  by  two  small  turbines 
ot    V'  ir  !.,  earh  horizontal  shafts  running  at  fK)o  r.  r  m 

a  hv  Ir"""  "f  """i"'-  -^vhi,  I,  ,n.,v  IH.  ,.,!op„.,l  i„  designmg 

a  h>dr„.eectr.c  generatmg  stat.on.  Fig.  5i«  .hows  par.i;  m  sectic'n  ai 
njdro-elettnc  generating  station  at  tl:e  Snoqualtw  Falls  in  tte  State 


r 
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W^r^^rli"?.!"'       u 3'  '"'■'^         ^^^"lo.   The  falls  are  270 
high,  and  the  nver  ha,  .  wate«hed  of  ^  square  mile,.   The  rSniZ 


po^rr  ava.labe  was  est.matcd  at  i(x,.oo<.  a.  P.    Tl.e  remarkable  (oature 
^    iMt  the  a.tual  ...neraOn,.  station  shown  i,  a  room  200  feet  lom  .o 
feet  wKle,  and     leet  h.gh.  c«t  m  the  soUd  rxKk  at  the  bottorof  a  shaf^ 


EtFrriticiTV  is  the  Sfxi'ice  of  Mas 


ifm  f.K-t  <lprp.  aii.l  liaviiiK  a  section  of  2-;  le  t  bv  lo  ivvX.  TIh'  shaft 
alx-tit  f,-  t  |,aik  fiun.  thr  e.lKe  of  llw  Falte.  and  contains  th,-  p,T,sf,. 
ft.r  conveying  the  water  to  the  nencratini-  ,<-.•.-,    iin  l  n  ,  i  I 

The  tiret  p,.nst«-k  erected  wxs  ;{  feet  in  .l.an^t.  r.  hut  .jucc  was  ,>n,vM, 


5»-V«nie«l  Section  uf  Vow  "HnA"  larUi.c  .n  Hc/nj«. 

for  an  a.l.lition.I  jh  iiMu,  k  ,1  an<I  wlicn  ivquiivd.  Tlie.intak.-  at  the 
of  the  iKiiMock  IS  larcfiiUy  im.teited  so  that  diiftw.Kxl  nr  ..th-  .,,1,; 
matenals  shall  not  bo  allowed  to  enter  the  iH-nslork.  In  the  r.»  k  -  U  r 
the  iK>nst.K-k  was  ...ntinu.d  h<.i i/untallv  n,  f,.  t  [,,,„,  llir  tl,,.,r  „.  -„u..:v 
pressure  wat.  r  at  i.m.  11,.  jut  s.i„au.  nu  I.  to  four  laiKe  turl.im.  ami 
sMiall.  r  one.  Hie  turbint<s  have  vertical  sliafts,  ami  the  four  lar^e  ob«  wfa 
rumuiiy  at  joo  k.  P.  M.,  drive  a  i,5oo-kilowatt  alternator,  while  the 


/h  i'Kii  I--!  K  inrr  Sri  riox-.    with  /.(W  A  i/a.v 


Ig-J,  — — 


^1 


itrivt";  two  75-kilt>watt  pxtiui>.    Tin-  i.iil  ran-      a  timn.l  !-.lnvv  tli. 
j, All  (if  the  iliamlKT.  exravafted  in  tlu'  rock  sy  as  to  di-iliam-'  tin  wat»'r 
,  ih,'  I.M.I  ..f  th.-  The  alt.  inatc  .  iiin  nt  i;.  ihm at.  il     tlii.  r  j.liaM^  at 

....  w  wiii.li.  Kciu'iat.'tl  at  J.oo,,  volt-,  -t.  !.]...!  up  bv  tiaii-~t..nn.r-  to 
<,...<><Hi  volts  for  transmissiion  to  Si'attli-.  T.i. nin.i.  ,m.l  m..i.  .li-t.n\i  pi ... 

A-  ail  t  xamiilf  of  :i  Europtan  liy<lro-»'Uitni  ^tatilm  witii  a  luw  ■  hi  ail  " 
.  I  wall!  Fii;.  5i<»  >li«ws  tlu-  interiHr  of  the  elntric  Rfm-ratim;  station  at 
|;.  /naii  oil  111-  liver  Aaro.  bi  SwkiOTland.  xVv^  to  its  junitutn  with  the 
Uliuif.  The 
nri"i'~>.ar\'  fall 
1-  i.t. Ialli.il  !)%■ 
.  !illliit4  a  I  .iiial 
uross  the  neck. 
..!  .1  Ih  uiI  in  the 
1 1\.  1 ,  till-  water 
..i       till-  li-.T 

l»  iiig  hi'lil  lii«L.k 
t)V  a  weir  jtart 

1..  !.iw  till'  m- 
t  a  kr   o  t    I  h. 

(  anal,  whit  h  s- 
< .  11 1  \'  a  li  i>  n' 
I  .  J 1 1  o  V  a  1  . 1  - 
ion^;.  TIh"  tu! 
hint'  ln»ii»*<*  I- 
bnilt  across  tin- 

(llltl.'t       of  ill'' 

l  anal,  tlic  wati  r 
of  which  flows 

■'ii(iul;1i    it  to 
!  •    lower  pirl 
ot  'lie  riv'  ^  vi  lli.  I 
win  11  pri»«  n<  aliv  .ni 
o\i-r  rlio  i»-'ir,  f\v 


rtif         ■  K«»r   M**— i;!f--ln.  -"^i 


iilis  the  tall  r  i. 
the  Wilder  jja-M 
\trpm«"  tall  at 


I. 


ti-i  i,  v\ii  n  tU-  ll\ 
(}\iaB*Tr\-  of  »irt<'r 


I  in 
.rt';«lah!t 


\Vi  • 
lliroiu  ! 
thf  fii>w=»-i 

•   IlK.',  I" 
I'd  (<.!lll«' 

.^rgf,  for  It 


tL. 


•Ill 


^     „     ,  -   '.\,    y....\\    I  <,r''"   Jis  III'-  rivi-r  1-  ovd 
J,.,      ,,,  .  .!.  "V"-  +41'  1  ul>i«'  luftrr'.  p< 

r'«sh  '-alr^riittioTi  .1  .  u*»p  iit^ri-  ol 

\%\  ti«-  .Uni  UjuHi  viHih  ii       p^iw.^  hou 


water  »  411  he  reekoi 


.ll  .111. I  \  - 
Ihui-'    1-  -*l«iut  I' 

I, tile    .1  tnetli 

,,1.  tor  tl:  tall 
■  .  -tiiii.ir. '  i  '1 

r   -«•«-<  ri"!  I 

.1  ^ 


A  toil 


v4r¥«a  'jf  th«w  Ik-ui«  for  turtrtm- 


Inilft  tliele  ale  IIH^!'  v- 

*ti.i«  h  <ktve  th»-  Lif^*'  -A'-.y 


5«4 


F.I  ECTKICI  TV  IN  Till-   SfKriCE  Of  MaS 


and  two  for  the  turbines  driviiiK  the  continnniis  current  exritrn.  1 
Fij;.  519  the  two  hitter  ase  s«'en  in  the  foreground,  and  thi-  el.  ven  l  ir- 


MTtl-.n    of  ^(,i(i,„i  i 

pniii         (liniciisii.ii:,  .itr 


III 


iiifi-  (if 
m  the 


(lie  wlitcl 
ti!;tiie.  In 


altmiatiirs  lartli. 
back.  Oneachshai! 
there  arc  three  tur 

UJUKT  one  ()(  wllK  ll 

only  c»  effectively 
opt-rate  when  flu 
river     in  tlnud  aiin 

I  lie  available  lall 
Miiall.  but  when  the 
river    is   low  thf 

wliull     llllic  wllIcK 

line  mto ojKTatioii. 
These  w  h  eels 
ari;mi;ril  mi  tin 
•-halt  an  ^linsvn  ni 
t  ii  (•  iliiiu  iisioneil 
sketch  in  Fij;.  520, 
in  which  the  diinen- 
~iiiiw  arc  ill  iriilli- 
nii  tres.  The  alter- 
nators run  at 
K.  r.  M..  and  ran 
( ai  ll  .ibsurh  i.2(i(i 

II  I'.  j>roducing 
t  111  ic-j)hase  currents 
at  50  nj  and  8,(«)(i 
\ii!ts.  TIk  position 
ol  the  turbines  ami 
the  penerators  in 
till'  •-tatiiiii,  and 
Millie  (if  the  details 
of  the  passage  of 
tin-  water  from  \\w 
higher  to  tlv  lower 
levels,  are  --liown  in 
Fig.  521,  which  is 
a  vertical  cross- 
pit-.  Soil,.'  iif  the 
iddilioii  the  station 


twBtains  two  steam  turbo-generator  sets,  each  having  an  output  of  2400 


/>  .97-.  LAU-KKycF  Hrnno-F.i.KCTKic  SrATio!r 


^'5 


:.>w.Uts  will  n.  runiiiiiR  at  1.500  r.  p.  m..  •-<'  tli  it  ,\  <  im-i.!.  1  i|ii.uitiiy 
:  iK»\v«T  can  In-  pr<Mhi«  rd  otluTwiM-  wlun  tin-  \sai«  r  imw.  i  i>  iii-^nlln  ient. 
h,  switrli  rv  i-  at  thf  oiul  of  the  station  « lti>e  to  the  ex«  itinR 
\iiaiiio>  M  1 11  ill  I  11;.  51M  Iht^c  ih  iiami-^  l  an  ah^orli  4i«i  n.  p.  lac  li 
ml  fji-nPr.itr  ((iiitimiMU-  1  nil.  lit-  at  is..  M'In,  win  u  niiniinL;  ,it  K.  P.  M. 
1  ln  v  are  jilanil  at  tlir  ciicl  ul  llif  lioii>r  wlitu'  tin-  lall  i>  un  atc-t. 

i'l.r  vrrvli'Wfalt-i.wlierof^eat  quant  it  ii-s  of  water  have  to  W  n^xt  to  obtain 
I.I!-.  .iniMiiiil  (if  [...wiM  ,  iH'ii-ti"  '  -  .I'l.l  .  \rii  tin-  iiiltrr  1  ,1-111--  'if  tlirtlir- 
;ncs  are  ^oim  limt-.  <liNjM  ii>eil  witli.     llii-  \\li< n-  <if  tin-  l.itti  i  .  .111  In-  (ilaied 
lurovercil  in  the  lovwst  ptssible  position  to  mcivt-  the  wali  i  .  '  wnv^  fi'  in  fht 
iiiLiher  level,  the  nw  cssary  arrangements  lieing  made  by  suitable  draught  tuU  * 


I  U.  sji.— li.r  IhiIho*  I  iMinWr  ui<l  Ittitteiali*  R..-m  .«  M.i»>fiw. 

(T  liuuiels  to  lead  away  the  water  after  it  has  pas-.d  tlinmt;h  the  wlm  is. 

(M  .  ll.  nt  .■\aini>le  of  tlii-^  i-  -hown  .liaj^'i aiiini.ilii  ally  m  Fif,'.  5j^.  wlii<  ii 
1-  a  -ii  iion  ot  the  power  htatii'ii  eivi  ted  on  the  l..inks  of  tin-  Kiver  (■|iM--e, 
at  Massena,  on  the  I'nited  Stales  side  of  the  -t  l.avreiu.  Kn.i.  The 
(■,ia-e  is  an  afllucnt  of  the  St.  l.awren«e.  and  1-  ti-ed  only  to  i.i.ive  tlu- 
!,,il-i  i>e  watei.  the  power  wat.  r  heint;  bromrht  liom  the  St.  I.awnnee  by 
a  .  an.il  about  tliree  miles  lonj^.  t  •  t  wid.  ,,nd  18  fwt  <!.  .  p.  The  Ma-eiia 
,  iid  of  the  .  anal  is  at  the  f<)reba\  shown  in  bifj.  \Z2  fn  in  win.  h  tlie  water 
flows  <iuietly  info  the  turbine  chamber  at  the  -anie  level  thi.nit^h  the  ne.  e-sary 
iven  and  uates.  I  '  -  k  W  i"  m.iv  be  ii.iticed  that  there  is  a  street  over 
this  tuibin.  .hainbcr  lli"  '  ubin.'  ,vli.  wiii.  h  are  of  the  ra.lial  inward- 
tlow  reaetion  t>-p«'  are  plaeei!  at  the  li.iu..ni  ..t  tlii-  ll.iodt  d  .  li,iml«M.  there 
b.  i-u  liiree      :'    .  '  wilt.  Is,  if  '  elupill^  iIL  l  ih.  1  3000  H.  1'..  oil  eat  ll  -haft. 

A  Uttei  .  '■  .if  '.lu'  .usa  tuMnenl  fan  i'  wiap-  1h-  Kivthereil  from  Fin-  .5-23. 
which  shows  th-  tnrbtE  ehamoer  and  t»»e  Csnamo  room  in  i»er>ji«-v  tive. 
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Ea<h  tnrbhie  shaft  passes  tlimii^'h  the  diviilinf;  rnnrrpte  waB  into  tli«> 

ilviiiiiiii  tii'  iii    (ihI  (.mil's  at  its  ntlicr  i-nil  tho  rutor  of  a  rrvi>lvin({  fi» :  | 

\\»  >tinf,'hi)USf  5.(MK>-ii.  p.  altf-rnator.    The  si  . 
t)t  till-  /,'rrnrator  is  tlitn  fon  tJu-  same  as  in  tl  ■ 
first  twt)  powtT  hoiisi-s  at  Niagara,  and  it  tli'  , 
bpfomes  interestinR  to  notr  that  the  horizont.,1 
sli.ift   at    M.iss.  ii.i   is  ahiMit    So   (cct  I.m^' 
C(pin]>ari(l   with   the    151)    tctt  vtrtiial  sliaft 
bill  that  iiwinfj  to  tin*  lower  "  hea<l  "  and  tli- 
niuih  f,'rcalcr  quantity  of  water  to  be  handlc.l 
the  Massena  shaft  carries  six  turbine  whivls  .1- 
(•i«iitl)aied  with  the  twii  lariied  on  the  Ni.igai.i 
shaft.    The  dilteiciue  of  levels  tx-tween  tlie 
water  in  the  foreluiy  and  the  water  in  the  tail 
rai'c  as  slmwii  in  Vv^.  ^12.  is  55     t.  i  l.  but  1 
the  IhmI  (i(  the  riwi  is  alnmt  17  leet  lower,  a 
working  "head"  of  about  45  feet  can  be 
obtained. 

The  power  house,  whieh  is  built  on  the 

-iiliil  riK'k.  is  abiuit  ;i  "  ■  fci  t  Iuhk.  1511  d-et 
wide,  inihiiling  tiie  turbine  ehainlKT,  ami  85 
feet  high.  The  station  was  planned  for  an 
iiltiniate  lajiai  ity  of  751M111  )|  ).  and  the  first 
■-ectiou  (i(  the  i>lani  w.is  ready  for  niiiniiin 
<aily  in  1901.  It  was  the  first  jxirtion  of 
the  equipment,  which  was  intended  to  ronsii.t 
of  six  sets  of  5,000  H,  p.  Westinf,'hous<>  alter- 
nators, hut  the  d(  V('l(>i)iiuiit  iif  the  load  as  the 
rxiuirenieats  of  the  company's  customers 
hecame  better  define<l  caused  the  orifjinal  plans 
to  W  modifle(l.  Tlie  ])ower  hoiis*'  now  idiitailis 
tiiiee  \\'i  >tiagliouse  .5,750  kilow.tt  I  alternators 
.in'i  si\  W  estinghouse  ami  four  Bullock  a,200- 
kilowati  (  c.  fjcnerators.  The  j)resont  capacity 
■f  its  |iUmt  is  tli'  reforc  about  .5.V000  kilowatts, 
.md  thi  ie  IS  anii'l  '  power  for  further  additions. 

Tliis  section  may  appropriately  conclude 
witli  a  description  of  what  is  probably  one  of 
till  1  irL;r-t  s(  hemes  yet  desif,'ned  for  utiii^in;; 
a  low  ■  he, 1(1  "  ot  w.iter.  A  {;i>od  idea  of  the 
main  outtiBcs  ol  this  scheme,  whidi  1-  d< -if,'ned  to  utilise  some  of  the 
water  power  of  the  Mississip)>i.  i>;;  be  oht.iiiied  Irom  Fif?-  524,  which 
shows  tlw;  electric  power  station  and  the  necessary  dam  erected  across 
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riv.-r  h.  twron  Hamilt..n.  Illinois,  ami  K.H>k«k.  Iowa,  the  powr  station 
  l.im.  transverse  to  the  <ourM?  ol 


•he  river.  an<l  wlmli  (ornis  a  -piiKv.iv  f"i 
In-  surphis  water,  has  been  erei  ted  .it  tli.> 
„,t    «'f    the    IV-  M.iiii.">    Kapi.l-.  wlvuli. 
ilili"Hi«h  tlu'V  ili'l   ii"t   li'Vi'  a  K'icat  f.ill. 
«\.  re  impas>al>l«' ii'i  ii.ivi^^.ition.  tlx' 
iiildinK  of  the  dam  tlie  rapids  h.ul  t.>  N- 
,-M-d  hv  means  of  a  ran.il.  and  Itn  ks.  tlie 
aiik.  ri"  (if  whi.  h  <  ii-l  i'S.iHHi  jHT  vt  ii.  Hv 
till-  omstrutlion  of  tiu-  .lam  wliiih  w  \.-7^ 
U  vt  (0-8  mile)  Icnj;.  tin-  rapitls  hav.-  U  <  ii 

ibiiK-iut'l.  ■">"!  ^ 
iM-  iHvn  -<•.  \nv.l  for       miles  on  thf  ui>im  i- 
-i,lr  ol   llir   .1.1111.     .\-  the  total  "  luad  "  . 

hi  liii.d  .it  Keokuk  varies  from  40  feet  to 
1 ,  Urt  ..Illy  it  will  bt!  obvious  that  the 
,,vrr.iL;<-  natural  f.ill  't  th.-  nwr  is  vrry 
vii^;lit.  The  spillway  Icvtl  is  J2  ii'ft  aln.ve 
tilt'  river  bed. 

riio  power  hon-e  wliii  li  is  1.71(0  ft-et  long. 

IS  built  (Fij^.  524)  ''t  ■'.'^''t 
•  lam  on  the  down-stieani  >i<U'.  .V  1>1  m  uxl 
.  l.  valion  are  f,'iveu  in  Fig.  5-J5-  wlm  li,  uilh 
l  ii;.  524.  is  taken  from  the  I*ractical 
J  <;,i;i/uvr.  The  ri^lit  luuvl  li.ilf  "f  the  .  l.  va- 
I  loll  >liows  tlie  appearant  e  as  m  i  ii  fnmi  ihe 
upstream  side,  and  the  other  half  the 
.ilUH'av.iii' I-  -I--  fi'""  dowi-stream 
-ide.     The    Miuilliif>s  the    "  head " 

obtained  is  induat- <l  m  ilie  el.  vation.  hut 
i>  ^hown  in  i,Teater  .U  tail  m  Fig.  5-''-  which 
•;ives  a  rross-eetion  through  the  midille  of 
the  {M)wer  liini>e  .iiid  has  marked  on  it  th-.- 
high-  and  low-water  I'jm  Is  on  both  sides, 
The  structure  is  divided  longittidinally  by  a 
wall  with  ( liaiiiln  rs  into  ,1  s<  reen  room  and 
a  generator  room,  the  latter  Uuif;  4.^  l>et 
6  inches  wide,  with  its  HiH.r  5  feet  above 
hi^h-wattr  level.  The  water  passes  ti>  the 
streeu  t!iroi!.u!i  submerged  anhes,  but  to 
guar.l  more  elici  tually  .i^aiiist  floating  i' e, 
a  long  ice  fender,  a.Soo  feet  long,  has  lieen 
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built  tip  stream  from  the  junction  of  the  tlam  and  the  power  house.  Tin 
femliT  is  (if  i  (>iicrt'tc.  ami  jia^  Mihnicrui  d  ni>(  iiinL,'s  for  the  passa^'e  of  tli" 
water.    It  serves  to  •  rei  t  the  tioatin^;  ice  towards  the  spillway,  an  ! 
aw.iy  frdin  the  powei  house.    The  waterways  under  the  power  house  ai 
clearly  shown  in  Ti;,'.  52().  hut  the  puMtion  of  the  wheel  and  the  generate 
is  only  indicated  by  a  icntri'  line.    The  preceding  pages,  in  which  lo\. 
"  head  "  wheels  have  been  dcscriljcd  will  enable  the  reader  to  fill  in  the 
details. 

A  reference  to  Fig.  525  will  show  that  the  generator  room  is  planned 
for  30  units.    Each  of  these  is  intended  to  have  an  output  of  7.5(10  kilowatt- 

,    ,   •  so  that   the  totai 


A  -i 


!  .  -  Cii.^-.Sifr  lion  of  tin-  Keokuk 
JI>ilro-KlcLtric  btatiuu. 


electric  power 
generated  will  he 
2J5.()oo  kilowatts. 
The  radius  of  trans- 
mission will  i)e 
about  200  iiiiles, 
wliieli  will  reacli 
many  important 
cities  and  districts, 
inehiding  St.  J.onis, 
whii  li  is  170  miles 
distant. 

It  may  be  noted 
that  the  navigation 
of  the  river  is 
provided  for  by  a 
lock,  400  ft.  long, 


and  110  feet  wide,  which  can  Iw  seen  in  Fig.  524  below  the  power 
house. 

v.— SW  ITi  mi(  lAKDS  AND  SWri  c  llINi; 

By  far  the  most  important  part  of  a  modern  electric  generating  station 
is  the  part  devoted  to  what  is  known  as  the  switchboart .  This  represents, 
as  it  were,  tlii'  nervous  centre  of  the  whole  sysU m,  and  any  serious  aci  ident 
happening  at  this  point  throws  the  system  out  of  gear  throughout  its  whole 
extent.  It  is  therefore  only  to  be  expected  that  very  great  attention, 
skill,  and  inventive  ingenuity  should  have  been  e.xiJended  on  'he  dtsit;ii 
and  arrangement  of  ihe  apparatu>.  and  it  is  apparent  that  it  is  particularly 
necessary,  so  far  as  is  humanly  possible,  to  guard  against  evtrj'  ad.crse 
contingency. 

The  objects  of  the  switchboard  and  its  accessories  arc  twolold.  In 
the  liist  place  it  is  inteiuhd  lor  the  control  of  tlie  generating  plart  and 
the  collection  of  the  current  lor  distribution  to  the  various  consuming 
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an.  in  t.e  second  p,ac.  ^ 'J  ^  ^  ^ 

,„,„utu.l.-  and  m  pressure  "^^^^^  ..f  a,raratus  (or 

The  t.r>l  ot  these  objects  ^-J'^^Ji^^,  generator..    Thw  can 

,Uering  the  voUa.e  at  ^^"^ .  'l-'^^^^^^;;  ^e^  in  the  tu-Ul-ua^net 
•„..  accompUshe.1  most  read.ly  b>  f  ^""^  t,"',,  .,„.^,„,.  where  it  is 
.  .rcuits  cither  by  introducnR  t  d-nu    et  <  n.  u.t.  ol  the 

...sible.  by  -tJ^cIro^  tl::^^™tors  that  apparatus 

of  A.  c.  generators,  of  direction  of  current  to. 

The  second  object  of  the  -v'tehboard  vu.  the  d  rec  ^^^^^^^ 

,„d  the  control  of  the  voltage  and  cunent  m     J  conditions 

at  the  swUcnboard  itseU      ^^^^^^  ^nd  transform.Ts. 

means  of  boosters,  special  feeder,  or  ^""^  ^ acconipli^bmcnt  of,  both 
Incid.-ntal  to,  and.  indeed,  necessary  (o  ^^^'^-^ J';;;;^.,,,  ,,„h,,,. 
Uuse  objects,  are  the  various  ,nstr.n.e..^  J^^ri^V  nmcit  featuve 
power.  ^^y'f:,r^^J^^Z  ^.destruction  are  dealt 

purposes  will  be  referred  t<>  »-re^  ,,,,  switchboar.l .  .t  n,ay  be 

Tn  its  de^gn.  and  which  nu-y  be  succ.nctly  stated  as  follows  . 

The  board  should  be  construed  of  in.  .nnbust.ble  nut.^^^^^^^ 

^t^^riss^Ud  Jil^;' the  board  should  be  so  designed  from  the 

board  or  even  under  abnormal 

1  The  conductors  oarryiii!,'  heavy  cnrr.nt.  Mmuui  m        i  8 
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5.  Tlif  working  parts  should  be  accessible  for  cleaning  with  perfm 
saft  ty  (()  tlie  ( li  ancrs. 

Classifkatioit  of  SKiUhhoards— In  the  almost  infinite  variety  of  con 
ditions  under  which  switchboards  have  to  be  designed  it  is  not  easy 
to  find  a  coiiipnlicn-ivc  sy>lt  ni  of  i  la->itiratioii  and,  in  fact,  as  has  btci, 
found  to  lie  the  case  in  odur  dirtrtions  in  tills  hook,  cross-classification  i> 
po^>ib]c  aiKl  often  desirable.  The  various  iy^p^  of  switchboards  can 
be  divided  either  according  to  the  general  charai  ter  of  the  .urnnts  an.l 
ix)tentials  which  they  have  to  handle,  or  accordiiiK  to  tli.'  k<  nt  ral  prin- 
ciple adopted  for  tlici-  con-triK  tion.  From  the  first  pc.int  u\  view  tln'  <  las^-i- 
fication  for  switchboards  in  large  generating  stations  would  be  conveniently 
set  forth  as  follows  :— 

(a)  High-pressure  switchboards. 

(')  I  I(  av\ -current  switchboards  on  which  the  pressure  is  usually 

low  or  moderate. 

A  subdivision  ill  botli  types,  but  more  especially  in  tyjx;  (,/),  would  be 
between  c.  c.  and  .\.  (  .  Imanlr-. 

Another  method  of  classification,  in  which  the  basis  is  the  general 
design  of  the  board,  would  lead  one  to  classify  the  various  lypts  as  :— 

(i.)  Those  in  which  thi-  switching  arrangeiiu  nts  are  on  the  board, 
and  arc  operated  directly. 

(ii.)  Kemote  control  boards  in  which  the  actual  swilolies  in  the 
circuits  operated  upon  are  at  a  part  of  the  station  remote  from  the 
board  itself,  at  which  the  operator  stands. 

Tliciv  1-  al-o  lu  re  a  pos>ihility  of  cross  classification  according  as  to 
wli(  tin  1  the  whole  of  the  ai)i)aratus  is  collected  upon  a  single  board,  being 
group(  (l  together  as  seems  Iv  st  to  the  designer,  or  as  to  whether  the 
board  is  constructed  by  th.  Knniping  (,f  separate  special  panels,  i.e. 
generator  panels,  distributor  panels,  feeder  panels,  battery  panels,  etc' 

Directly  Operated  Boards.— An  example  of  the  ditectly  operated 
non-panel  type  of  board,  at  one  time  very  widelv  used  and  .--till  found 
useful  for  special  cases,  is  shown  in  iMg.  327,  which  depi<  ts  a  board  designed 
and  manufactured  by  M.  >srs.  Sjiagiioletti,  Jjmited,  of  London.  The  board 
IS  designed  to  control  two  continuous  current  generators  suj)i>lying  current 
at  480  volts  across  the  outers  of  a  three-wire  distributing  system.  For  the 
purposes  of  such  a  system,  as  explained  elsewhere-,  there  is"  a  split  Lattery 
with  balancers  and  boosters.  The  feeders  are  to  supply  current  at  240  volts 
to  either  side  of  the  di>tributing  system.  A  skeleton  diagram  of  the  con- 
nections of  the  Iward  is  given  in  Fig.  528.  and  by  comparing  the  two  figures, 
the  details  of  the  operation  of  the  beard  can  be  realised. 
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each,  bringing  the  current  of  tlic  two  generators  tothesecond  and  sixth  vertical 
bars  seen  above.  The  fourth  vertical  bar  receives  current  from  the  battery 
On  the  sections  at  the  other  end  tlic  +"  1,  acis  of  the  generators  pass  througi; 
Mni;l,-i„,l,.  circuit  breakers  n  to  tiie  corresponding  vertical  bars  there,  and 
tile  low. ,  part  of  that  section  carries  the  shunt  regulators  and  two  volt- 
meters a„a  voltmeter  switches,  none  of  which  are  shown  in  Fig.  528 
Behind  tlHj  vertical  strips  are  horiiontal  bosbars  on  both  sections 


4)       (J)  (A> 

1:11  !Wi 


d)  d)  ^  A 

Pi  0:i 


jjj  ^tttUhiij  """i^^ 

^r~F^ — 


\  gj 


th.  s^S.-HrinciM  (  onneceion.  of  th.  Dirwily  OpenMd  <•  Gridiron"  Sirhdibowxi. 


arranged  as  shown  in  Fig.  528,  and  by  means  of  the  screwed  and  coned 
plugs  seen  in  Fig.  527  any  vertical  bar  can  be  connected  to  any  horizontal 
I'a-  ilir<H,f,'l,  tlie  thickness  of  the  board,  so  that  any  one  of  the  feeder 
vertical  bars  can  b  connected  either  to  a  generator  or  to  the  battery 
by  choosing  the  appropriate  plug  connection.  This  system  is  frequently 
known  as  the  gri.liron  ■  system,  and  it  enables  the  operator  to  supply 
If  necessary.  diff.Tcnt  voltages  to  different  feeders  of  ihe  system.  In  Fi  / 
527  the  generators,  the  battery  and  the  feeders  are  ^hown  as  being  all  in 
parallel  on  the  top  busbars.  From  the  feeder  vertical  strips  the  current 
received  m  this  way  passes  through  the  single.pole  two-way  switches  w  and 


A  Low-Volt  AGS.  c.  c.  Switchboakd 
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f,t.o,  Ftothe  ammeter  A  and  away,  th-  .m.  of  b  dan... ' 
t  n,i.llk-  uin-s  to  the  neutral  bulbar  s  (Im.','.  32^)-    't  w.ll  U-  not  ...1 

blows  the  other  can  l«  svvit.  l.ol  on  .i-n.  kly  ,  th.>  »  a  v.ry  Y^'* 'l 
arrrngement  when  the  blowing  ot  the  iuse  .s  a».  to  .ts  own  delect  and 

-'ZZ.  oC  the  central  one  contan,  ........... 

,  «  .,n.\  -U"  halves  of  the  battery,  each  halt  liaMim 

,  .,1.  th.  n  nntxr  oi  ce  ^  ^^^^^  ^j,^. 

rand.l-.»gha»..herof  .he  am.™....  »  .o  .>«■  ^''tS "i.l    ol  * 

,,,„,„„.,,  ,o  ,hc  .l.,ou«l.  a  ..ns lo-po  e         '  ^^^^^^^^^^  ,,,,, 

l,„u>t.r  and  balancer  on  that  s.dt  ol       ^^^^^^  ^n  to  the 

a  voltmeter  switch  for  thrown>g  any  of        AffCTent  volt 
Lge  station  voltmeter  aboNv  th.  corrosponchng  end  of  the  boara. 
d.  'avno>s  all  these  are  omitted  from  the  diagram. 

on  the  central  -tion  of  the  board  the -cn.  ...d^^ 

at  the  bottom  an.l  the  rccordn.g         *     "^  ^^j  in  ^he  centre  is  a  double- 
,,;,aie  wireandUiee^ai^e^    1  .  ^ 

rr^r'oni:^^^^^^^^^^  The  action  of  the  balan.r.  and 

boosters  will  be  ^^I'lf'^'^.^Jf/St  aid 'power  on  board  ship  are  most 
'^'^  T  mTby  current  system.    The  con- 

coi.-.cniently  met  by  a  ^neciallv  with  regard  to  the  -pace 

dit.cis  of  working  arc  usually  severe.  ««P^f  ^  y  ^^^^  ^  frtv  u  ntly. 
avai.able.  and  thus  examples  of  "-P^^^  the  earlier 

This  quality  of  compactness  was  the  „,,y  be  lurtlier 

,,,.s  of  directly  operated  non-panel  b..  .  ^^^^.h  U.uc^^^^^ 

"^tt  !:iltSy  mr molL^^ilL-^u^  a  board,  supplied 
secured  so  as  to  sati.l>  in<  r  ,vel!-known   Cunard  steamship 

by  Messrs.  .  Fe^anti    L  nnU^d.  lor         -  ^..Ucate 
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head  at  if  rithor  engine  room  be  flooded  the  electrical  supply  can  br 
contruued  from  the  other. 

The  board  consists  of  two  generator  sections,  one  at  either  end  of  the  board. 


and  a  coupling  section  on  the  extreme  right  to  cc  uple  the  two  boards  together 
In  the  centre  are  the  switches,  etc..  for  twelve  feeder  circuits  arranged  .m 
SIX  sections,  three  positive  at  the  t.,p  and  three  negative  at  the  bottom,  with 
ammeters  on  the  positive  side.  All  the  switches  are  in  the  form  of  autor  atic 
circuit  breakers.   The  two  main  switches  for  'he  generator  are  worked  by  the 


Thb  SmrcH bo  Altos  or  the  "  AfAURKrASiA"  5»5 

^\;;\.;J::"tC  k^^  T^o  am.nel.rs.  ..n.l  .1.-  .lu  .M,..ic 

'  W  liul^t  "V    r  a      .;;!  ph...  for  each  (e.«.1er.  the  v.,Umeters 

1    L  on  swin^nR  brackets  a»  the  end  of  the  N-anl.    N.  n,  ..  ,ha.  Uvo 
M  n'^rr. "  .  earh  .vnerator.  one  on  eadi  l.  a.l.  arr  ,.ra.  t..  ..llv  .  .11,.  a., 
i.;r^m^;    1  S>  of  msmatin^  material  suflicientlv  MUMan,,.^  to 

^*:rt;ran    Wr^it  Lallcrs       .am-  .,  eon. 

u ,  slv       v.....  amix-n.  for  an  hour.    Kach  is  tUt.  a  .„h  a  .nu.- Inn, 
t,nuou>i\.  ..r  3  breakers  have  In.th 

?««^rH  and  the  sc-ries  coil  in  s.iu.  w.th  the  f...le..    11.  t^^u  <o.N  u 
^r^.ve.nH .  auM-  .t  is  undesirable  that  the  feeder  c.rcu.t  breaker,  .lu-ukl 
vT^m  d  an    opened  readilv.  as  this  would  withdraw  current  (u-m  a 
be  tnpi'  a  an  '  1 1  ,  ,,,.,ir.  uits  thnniKhuut  are  protected  by  fuses, 

'TitTs  Ste  tL   o'r  Itdmar;  fault,  the  (n>e  .hould  blow  rather  than 
t   1^  main  c^cuit  -  breaker  should  open.    Th-  M.unt  tri,-,..,,.  >  n.l.  ar- 
ret  ^^rked^t.  ^ ^^^^^  Z  Z''^ 

;:;Xnved  s^ioo^n 

t  "ia*^       i;:  ;^  r,.r  -ent.    p..  .  ...  ....  drct  u^ 

he  feed     the  c.rcuit  breakers  would  therefore  ojM  n  stra.ght  away.  The 
-  "u  n  a  the  voltmeter  end  of  the  board  only  prov.des  th-  .  oui-ln,,' 
^o^lSriXtl-  the  busbars  of  the  port  and  starboard 

'"K'^^S-In  the  early  days  of  the  develop,,,  nt       .  .-  .uic 
™^^'^^ions  the  switcIu,oard  was  u.sually  .leMgned  tu  >a  ,^1>  the 
ial  ciuhtu.ns  of  each  sta.i..,.,  and  even  the  apparatus  and  n.strun.ents 

S~t  always  specially  e„n.nu,M  u.  r^'* 

Ei£;rtis:Jrr;f:^^^^^ 

econoin.ca  t nt  arcordinc  to  the  particular 

X  !  y"t"n,  in  which  the  over-all  function  of  the  board  .>  -^"^  '^  '^ 
r  tl  '  a,.l'--tus  fur  a  particular  n.achine  or  sub.ect.on  of  the  work  fa 
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collected  on  a  ;,ni:ill  siih-b..,,r(l  <,r  |),ni.l.  Ill,,  vlinir  bo.-irfl  hrinp  built  \\\ 
by  asspmMiii;;  and  mountiiif;  a  miIIi,  u  nt  iium»H  r  of  tlusi'  j)an.  Is  along 
si.l.-  on.  another.    Fa  a  Kcneratinj?  station  thr  panels  re(|iiiro.l  arc  usuall- 

(1.)  sencrator  panels  (one  lor  ca'  li  gen.Tatur),  (ii  )  f  l.  i  p,Mi,  1-        f.,i  .  a,  i 

f..ed..r  or  group  of  f«..!ers),  and  (iii.)  batt-ry  pan.ls.  with  or  withoui 
)<>  ■  Mr  panels;   ex.  ii.r  panels  may  also  lie  necessary  for  A.  C.  work 
On  1,1  rye   boards   Mil.sidiary  panels— such   as  a   standardising  panel 
busbar  connector,  and  coupling  panels,  synrhroni^n^'  panels,  etc.  -„,a\ 

also  lie  rci|HinHl. 

It   is  obvious 
with  surli  a  system 
that  when  exten- 
sions are  rei|uireil 
HOW  panels  can  Ix- 
a (1  (1  e (I   to    t  h < 
already  exir^lin;; 
l)oanl     and.  in 
the   event    of  a 
serious  breakdown 
on  tlie   hoard,  a 
damaged  panel 
Hia>-  be  replacetl 
by    a  stan.lard 
panel    of    t  Ji  t 
sa;ne  type.  Ihongh 
this  is  seldom 
necessary,  as  the 
parts    of  the 
panel    are  often 
interchangeable  as 
well  as  tlie  com- 
c    ,  plete  panel, 

buch  systems  arc  excell.nt  for  the  objects  named  and  in 
o  her  ways,  hut  they  may  be  costly  both  as  regards  prime  cost 
of  erection,  n.,tw.thstamling  the  standardisation,  and  also  as  regards  the 
space  occupied.  The  latter  is  perhaps  the  nu.re  serions  consideration  si,,,,, 
the  actual  cost  of  the  switchboard  is  only  a  fraction  of  the  cost  of  the  whole 
s  ati.m,  an<i  money  wis.  ly  spent  on  the  switchboard  is  weU  spent  for  reasons 
alr.  ady  given  The  .lemands  for  additional  space  are,  however,  more  serious 
snuv  1  the  board  be  unduly  extended  efficient  working  mav  be  dihimlt' 
tor  different  j.arts  of  th,  board  will  W  .li.tant  from  one  another  an.l  not 
easily  kept  in  view  at  the  same  time  by  the  oix-rator.  In  the  most  modern 
boards  m  large  generatmg  stations  this  difficulty  is  minimised  by  the  method 
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„f  rcinoto  rontrnl  rendered  nctes-ary  for  other  rravm^  and  win.  I.  will 

Space  will  not  thr  lull  .l,  ~rn,.tiu„      .  v. .  ,  ,11  MHn,l»  r  of 

,1...  .lirtorrnt  varieties  of  paml  boards  and  i-t  x  iMi-.t..        U  .1.        d  by 
numerous  n.anvifacturcrs.    The  principles  umU-rlyinK  the  design  ol  all 
,,,u.els  of  the  sai;u-  lyi-e   e.g.  CO.  or  A. c.  Renerator  panels-are  practically 
the  same ;  and  even 
the    connections    do  ..- 
nut    admit    of  iiin^ii 
variation   i\ni>t  l'>r 
very  uinisti^d  work. 
It  will  therefore 
almost     suffice  to 
(lt»  libe  fully  one  s' t 
of  boards  of  an  up- 
to-date  type,  and  lor 
1  hi  ^  purpo'^e  the 
writer   selects   a  sit 
with    which    he  i> 
iKcessarily  faniiliar- 
namely,  the  jjancl 
boards  in  the  gener- 
ating station  at  the 
Northampton  Poly- 
technic Institute 
in    London,  recently 
erected  by  Siemens 
Brothers'  Dynamo 
Works,  Limited. 

A  C  ontiniioits 
Current  Generator 
Board.— The  continu- 

::ta;"ga;:ndo;":;;:i   h,.,t,.v  boam  at  the  Northampton  Polytechnic 
Stute  is  arrauKed  .,n  a  .all.  .y  a.  tl...  .  n.in..  .  n.    o    .1,..  n,a.  h  n.T 

n^m    as  s.vn  in  th.-  background  ot  Fig.  39<'-  ,   1'-  '7'^'  ' 
s^rrately  in  Fig  5V'.  and  consists  of  seven  pancls-namely.  two  1...  th.^ 
S  generLtors  on  the  .  n.ine  .hait>.  two  for  the  generators  of  the  n..  or- 
Tenerior  set.  seen  on  the  left  of  the  get^rators  m  l-.g^  -^f    "^^  '  ^^'^^ 
booster  and  balancer  panels.    On  the  extreme  n,hl  -t  th.'  l......d  .>r  w 

aS^minate.!  .lial  voltnuters  on  swinging  brackets,  the  upper  one  l.emg_a 
Sne  voltnater  and  the  lower  a  busbar  voltmeter.  Any  one  of  the 
SS  c  c.  machines  can  be  plugged  on  to  the  upper  voltmeter  by  voltmeter 


Fig.  S3i.-l!iick  View  of  c.  c.  OtiHratot  Board 
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plugs  on  its  own  pane!.  A  1.  ..  k  vi, «  ..f  ti,i.  .  ,„i  „f  i|„,.  |Kw,r,l,  ^l,„„inc 
some  of  fFu-  ronrifclioii^  ;m.l  il..  M,u,.niinK  .,|  tl»-  bu^baw.  is  Kivi,. 
in  l  iK.  5JI, 

The  lour  KL'ncrator  jkiiu-Is  iin-  at  the  riKlit-hand  ni.l  .,f  x\w  In,,,,,!  n,, 
two  smaller  machines  beinR  at  the  extn  mo  »  Tli..  .  .,iiii. .  ii,>,is  in,  ih, 
four  panoN  aiv  ^;.v,•u  i„  Vs^.  55...  n,,  p.„.,,,.i,„  ..„■  ,n,li.,,t.,!  .ii.,^i.i,M 
maticuily  will,  fh.  ir  M  ri.>  a„.l  >l,u„t  l,dd  roil,  at  thi-  l)ottom  of  each  panel 
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Fw.  5J».-DI«g«m  of  Conn«lioot     Ih.  G«.r.to,  of  ih.        I  »t  ihe  Northampton 

roljrtrchnic  Inntituie. 

and  tho  2Jn-volt  I.„~l,.,rs  f.,r  (!,.■  Ikst  thnv  ur,,.  >,,t.,r.  at  the  top.  TakinR 
hrst  tho  twoinai.i  (5'-kilowatt)  geiierators,  it  will  buM-.  n  that  the iui,„rrti,.ns 
pass  from  the  left-hand  brush  throuRh  tl,.  .  nerpv  meter  e,  the  s1,u„,s  of 
the  reconlmg  and  indicating  aninu  tii-,  r  a  an.l  a,  .,k1  a  rin  uit  bn  ,ker  B 
to  one  of  the  busbars.    A  lead  pa>se^  l,..n,  the  other  brush  through  one 
ar,„  of  the  doubl.  pole  switch  to  the  equalising  bar  h  h.  which  is  common 
to  the  three  panels.    From  the  terminal  of  tlie  nia.liine  the  main  lead 
passes  direct  to  the  busbar  throngh  the  otl„  ,  arm  of  the  d.  p.  switch 
The  shunt  f„ld  coil  is  r,„„„,t.,!  a.n,..  ,h,  terminals  of  the  machine 
thn.,,gl,  the  regulating  rheostat  r  and  a  hel.l  ammeter  f  a  with  no 
sw.tdi.  s  on  circuit.   Two  lamps,  p  ,.  an.l  r  i  .  are  shown  in  the  .l,a„a,„.  It 
W.1  iH.-  found  that  thr  circuit  of  v  ,  (tlu  ,„i„t  lamp)  is  aross  the  brushes 
of  the  machine,  and  obtains  curieut  from  the  machine  direct,  whether  the 
switches  B  and  s  are  closed  or  open.   This  lamp  is  on  the  panel.  The 
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,  hrr  lamp,  B  I.,  a  red  lamp,  I*  mounii>.»  <m        .ii  n  hm.-  it>rlf  .am!  w 

,  .onii.vt.'.l  iM  rnmnn.ilv  a.        tlir  UnAw^  'vithoiit  any  switch;  it  is 
on  tl.r  ......  liin.  ,  a...l  N-ll.  lamps  .  ...„-•  ..p  to  full  hrii-htn.-s  as  tl»- 

ii.it  liinc  voltaK"  rises.  ,          i         n    .  . 

I  Continuous  Current  h'i'fdtr  -  Th.>  curr.MU  l.av.ni;  Iv.  n  .  utl.vi,  .i 

,t  thf  busbars  of  the  grt  ratnr  board  a»  \mi  ite*cnbe.l.  the  next  main 
.nratiun     to  ,liM..lMit.-  it  to  ll..'  \>omi<  whnc  rlrftrir  cm-r^y  »  nw'l*^'^ 
I'lus  19  the  function  ..f  a  aiMrib.itift;  u,     f. . M-  r  "  b..a,,l     H..'  I.m--v.^Uace 


fig.  J33.— I^w-Vnltiac 


continuous  current  feeder  Ixiaril  in  tlie  gent  rating  station  at  the  N-m  t  l.,.mptni. 
I'olyte.  hnic  Institute  is  erected  on  the  fliXjr  of  the  station  underneath  the 
pillcry  at  the  engine  e.ul  ..f  tli,-  room.    It  ran  be  m  -  n  behind  the  engines 
in  Fig.  396.  but  a  better  view  of  it  is  t;iven  in  Fig.  533-    I»  contains  . 
all  seven  panels.    The  first  three  on  the  left  are  ordinary  f.  rd.  r  pai . 
l.v.ling  MX  cir.uits  (two  per  panel)  with  continuous  current  at  2<.o 
volts  being  the  voltage  across  outers  of  the  three-wire  lighting  system  ol 
the  building.    Two  ,.t  these  six  fecd.  r.  are  to  M.pply  <  n.i,  lU  up  to  .,00 
amperes  on  each  feeder  to  tlic  sub-station  wl.i.  h  >ui.pl.es  .  oiitmum.^ 
currents  for  lighting  and  power  purix)ses  to  the  whole  bu.ldnig.  Ihc 
remaining  iVn.    f'-d.Ts  have  each  a  maxinrnm  canvmi;  .apa..tv  ot  150 
amperes,  and  couvey  current  to  various  lalwratories  k.r  exiK.iimentai 
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purposes.  The  connections  for  one  of  the  panels  are  given  at  w,  Fip  53 ) 
Each  feeder  is  closed  by  a  double-pole  switch  s.  and  in  addition  tlure  i. 
a  ,  iiTuit-brrak.T  h  on  tlir  -|--  si<l(-.  si  t  to  ojxm.  when  tlie  current  rises  above 
a  certain  \  aliu-.  Tlicre  is  also  an  aninictir  a  of  the  shunt  type  and  an  enerR\- 
meter  e  hi  each  feeder.  The  position  of  each  piece  of  apparatus  can  be  easily 
identihed  in  Fig.  533.  The  equipment  is  simple,  and  .ill  that  is  n, .  .  ssai  v 
The  busbars  shown  at  the  top  of  the  diaKram  are  directly  cc;inccte.l  t(i 
the  busbars  of  the  c  .  c.  (^-enerator  board  in  the  gallery  above  (Fig.  532). 

riie  sixth  and  seventh  panels  z  on  the  extreme  right  are  for  the  [nirpos, 
of  supplying  continuous  currents  at  100-110  volts  independently  of  tii> 
general  three-wire  system.  They  receive  energy  from  the  110  volt  27  5  kilowatt 


534.— Cooaectioiu  of  Lev  Volugi  e.  c  F«d*r  Bond. 


dynamo  of  the  coupled  plant  driven  by  the  synchronous  motor.  There 
are(s«  z,  Fig.  534)  si.x  feeders  on  these  panels  with  connections  similar 
to  those  on  the  220-volt  jiaiu  ls  i-xcept  that  on  the  -|-"  side  the  only 
switch  installed  is  the  ciiTuit  b.ea!;er  and  that  the  current  coils  of  the 
energy  meters  are  on  the  -|--  lead  only.  One  of  these  fceilers  has  a 
maximum  capacity  of  200  amperes,  whilst  tlu  other  five  arc  50-amperc 
feeders.  The  excitation  nirient  c  c  (Fir.  549)  for  the  synchronous  motor 
IS  taken  irom  this  panel,  which  also  supplies  current  for  various  experi- 
mental circuits  in  the  different  engineering  laboratories  of  the  Polytechnic 
There  are  ammeters  and  enerjiy  meters  for  each  feeder,  as  in  the  preceding 
cases  and  the  pressure  circuits  of  the  energy  meters  are  protected  by  fuses 
I  lie  fourth  ]>.inel  x  receives  continuous  current  at  500  volts  from  the 
commutator  of  the  rotary  converter.  At  the  bottom  of  the  ixuiel  the 
connections  of  which  are  also  given  in  Fig.  534,  there  arc  {.v.-.  Fig.  533)  a 
recordmg  ammeter  r  a  and  a  recording  voltmeter  bv.  and  imm«Uately 
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nl>ovc  these  an  cnvx^^  meter  E    AU.v.-  the  meter  is  a  d.mMo-polc 
Switch  S.  one  el.Ttr.Kl.-  of  whic'        ....  tt.r  — '  lea.l  an.l  the  ->th' r  is 
a  third  lead  on  the  scries  coil  of  the  rotary  {sec  547)-  The 

-I-  '  lead  is  taken  tlironijh  the 
,  iK-rgy  meter  i-,  the  Miiint-  of 
the  recording  ammeter  ra  and 
(he  ammeter  A.  and  a  circuit 
i  ir.iker  li  to  tlie  -|-"  Inishars. 
1 1„.  — ^'  Iraii,  alter  pa>>inK 
tliroUKh  its  switch,  gix-s  to  the 

 "    busbar,    and    the  two 

i  iisbars  then  pass  behind  the 
.uljoining  300-volt  feeder  pain  1 
V.  riiis  panel  supplies  current 
at  5<Ki  volts  to  three  feeders, 
iwo  of  wliii  h  cany  50  amjH'res 
each  anil  one  loo  amperes,  all 
tor  experimental  work.  The 
luntiections  and  instruments 
i.ir  these  feeders  are  similar 
to  tiiose  on  the  other  feeder 
panels  descrilx'el  above. 

On  all  the  panels  there  are 
pilo'  lamps,  marked  I'  1  ,  whicli 
are  coloured  red,  and  whose 
function  is  to  show  wlien  tlie 
]>anel  is  alive.     The  reader 
will   be   able   to    make  out 
i.i>ily  their  eonnictions  in  the 
different  cases.    On  the  500- 
voh  panels  the  pilot  lamp  ha- 
two  ri'-i-tanre  lamps  in  serii  > 
with  it  to  reduce  the  voltage 
across   its  terminals.  There 
are    al>o   illuminating  lamps 
l)l,iced    across    the  220-volt 
l)u>bars,  but  not  shown  on 
the  diagram. 

An  Alternate  Current  Feeder  Board— \  feeder  board  for  losv  voUai;.- 
polyphase  alternate  currents  (a.  c.)  i>  v(Ty  -imilar  to  a  feeder  board  tor 
continuous  currents  (c.  c),  and  it  will  be  ((.nveuient  to  ilescribe  one 
here,  although  we  have  not  yet  described  an  a.  r.  p  n<T  itor  board.  The 
chief  differences  between  the  two  boards  are  that  the  double-pole  switches 
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of  the  c.  c.  feeder  board  have  to  be  replaced  on  the  A.  r.  by  miilitiple 
switches  appropriate  to  the  number  of  phases,  and  that  tin-  instriniK  i  i, 
mounted  on  the  Ixjard  dilfir  in  type  and  nmnlicr.  Fig.  5  55  gives  the  conin  . . 
tions  for  one  panel  of  the  low-voltage  a.  c.  feeder  board  at  the  Northampi  .ti 
Polytechnic  Institute;  the  actual  board  will  be  described  later  (see  Figs.  542 
and  543).  Tliree-phasc  currents  of  the  proper  voltage,  about  350  volts  in  t!,is 
case,  are  supplied  to  the  busbars  from  liie  transformer  panel  of  the  remote- 
control  Iward  (see  page  549)  either  directly  or  through  the  A.  c.  rcgulatiiij; 
panels  described  on  page  545.  From  the  busbars  currents  arc  f.iken  to  tl  i 
feeder  througha  1 1 Ir-jwle  switchafter  which  they  pass  through  (i.)  tlie  curn  nt 
coils  of  (he  power  lactor  indicator  pf  i,  (ii.)  the  three  ammeters  a,  one  in 
each  phase,  and  (iii.)  the  current  coils  of  the  energy  meter  E  M.  The  pressure 
circuits  for  P  F  i  are  taken  off  the  phases  through  fuses / and  resistances  r,  but 
the  pressure  circuits  for  E  m  are  obtained  by  connections  within  the  instru- 
ment, this  lu'ing  rendered  possible  by  the  fact  that  all  three  current  phases 
pass  tlirough  it.  In  addition  a  recording  ammeter  k  A  is  placed  through  a 
current  transformer  on  one  of  the  mains,  and  a  pilot  lamp  i>  i ,  with  a  lamp 
resistance  in  scries  with  it  to  reduce  the  voltage,  is  placed  across  one  of  the 
]iiiases.  The  reader  should  compare  this  equipment  witli  the  corresponding 
equipment  on  a  continuous  current  feeder  panel,  as  shown  in  Fig.  532. 
Regrulating-  and  Battery  Switchboards.— One  of  the  functions  of  ,1 

switchboard  to  which  reference  has  already  been  made  is  to  regulat. 
the  distribution  of  the  current  colh  1  on  the  busbars  to  the  .variou> 
feeding  circuits  along  which  the  cuiunt  is  to  be  transmitted  to  tin- 
places  where  it  is  to  be  utilised.  In  a  large  station,  espei  ially  if  lieaw 
currents  are  lx>ing  handled,  the  successful  operation  of  this  function 
retpiires  the  solution  of  some  interesting  problems.  As  an  instance, 
take  a  continuous  current  station  which  is  supplying  a  heavy  tramway 
and  lighting  load  spread  over  a  considerable  area.  There  are  bound 
to  Ix-  going  out  from  the  station  feeders  to  various  points,  some  of  whidi 
are  dose  to  the  station  and  some  at  a  distance.  On  light  loads  the 
fall  or  drop  of  the  voltage  along  a  feeder  is  a  comparatively  unimportant 
matter,  but  when  the  load  becomes  heavy  with  reference  to  the  cajiacityof 
the  feeder,  then  the  drop  becomes  an  important  quantity,  unless  there  has 
l)een  extravagance  in  laying  down  the  feeder  in  respect  of  the  amount  of 
cojjper  used.  In  times  of  heavy  and  possibly  unequally  distributed  loads, 
it  is  necessary  to  raise  the  voltage  at  the  station  end  of  certain  feeders 
above  the  normal,  so  that  at  the  far  end  the  voltage  may  not  be  lower 
than  tlie  norma'.  In  some  cases  this  is  accomplished  by  having  multiple 
busbars.,  that  is,  (wo  or  more  sets  of  busbars  kept  separate,  when  necessary, 
from  orw  another,  whieli  nu-ans  jirr  tically  keejiing  up  the  voltage  of  certain 
feeders  by  putting  particular  machines  on  to  them,  and  raising  the  voltage 
of  these  machines  by  over-compounding  ot  otherwise.    This,  however,  is 
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Leaking  down  the  busbar  principle,  which  is  that  all  the  p  ncato..  are 

„ra  common  busbars  from  which  all  the  feeders  are  supplu  .1. 
"  \-„w  it  is  ..bvious  that  there  is  another  way  of  satisfymg  the  conditions, 
a.ul  that  is  to  interpose  between  the  busbars  and  the  lon^-d.stunce  feeders 
i  the  proper  time  some  volt-raising  <levice  which  w.,.  raise  ,W  v.,  t,„e 
' .  ,l,e  station  end  of  these  feeders.  This  system  is  known  as  hoostinj;. 
,  Uieh  must  not  be  confused  with  the  use  of  a  secondary  battery  to  carry 
.,ver  periods  of  heavy  load.  That,  of  course,  is  another  very  '"'l';"*''"^ 
Zt  of  central-station  practice,  and  may  be  com.  ii.ei.i  y  and  bnCly 
!;  ferre<l  to  here.  Figs.  536  and  537  «how  winter  load  curves  of  the  l>,ck„^on 
Mnet  Station  of  the  Manchester  Corporation.  The  curve  m  1  ig.  53<>. 
including  the  peak  at  5.0  p.m..  is  the  load  curve  on  the  station  on  a  winter 
ilay.  Without  a 
li.it tery.  the 
power  required 


would  have  to 
lie  supplied  by 
ihc  generatinn 
plant  running; 
throughout  the 
twenty-four 
hdurs.  Theh)ad 
lactor  of  this 
curve  is  32  per 
(  cnt.,  and  is  a 
i;ood  load  factor, 
because  of  the 

Ite  dav t^k  aSut  4.fio„  kilowatts.  This  excessive  tod,  wh.ch  on  y  lasts 

"  J r>'vr's  o  allow  the  machineo.  to  bo  ,top,«d  .h„i,«  ih.  0,^1... 

*i  oi.i.wt";  the  maximum  demand  on  the  gcncraiors  lauinb 

"      r  k^^atrdmng  .he  peak  interval,     J|-  S"™*" 


MIDNIOHT. 


rig.  53*.— Stalio«  Load  Curve  without  Battery, 
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The  energy  thus  given  otit  by  the  battery  has,  of  course,  to  be  put  iiiK, 
It  wliiKt  tlie  inacliinery  is  running,  and  in  Fig.  537  is  shown  the  load  curve 
on  the  generators  whilst  running  from  6.jo  a.m.  to  11. jo  p.m.  The  ^^t.iti.  i, 
load  curve  for  the  same  period  has  been  re-plotted  below  the  other  cur\, , 
and  the  shaded  space  betwein  the  two  curves  .-hows  the  energy  put  in!(i 
the  battery  during  working  liours.  The  general  result  is  that  the  generators 
run  not  only  for  a  shorter  period,  but  also  with  a  higher  load  factor,  for  t!„. 
load  lartor  for  the  tipjier  curve  on  I-ig.  537  works  out  at  4r5  jht  rem 
as  agamst  the  32  pir  cent,  of  l-ig.  536.  The  load  factor  is  thus  increased 
by  more  than  one-third.  The  battery  cannot  do  this,  however,  withotit 
some  kintl  of  regulation.  In  some  cases  regulation  is  effected  by  altering  tlu- 
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in  the  battery, 
an  instance  of 
which  h  a  < 
already  been 
given  at  page 
522.  The  diffi- 
culty is  that 
for  a  li.xed 
numberof  cells 
a  battery  has 
what  is  prac- 
t  i  c  a  1 1  y  a 
voltage  which 
varies  within 
certain  fairly 

,.  ,    ,  wide  iKTcent- 

age  Imnls.  Wlun  the  battery  is  discharging,  its  r.  n.  is  below  its  E  M  F 
and  when  it  is  being  charged,  the  p.  d.  has  to  be  above  the  f  m  i  ' 
of  the  battery.  Moreover,  the  e.  M.  f.  itself  rises  during  charge  and 
falls  during  .hschargc.  Therefore,  some  regulation  is  absolutely  necessary; 
It  is  here  that  "  boosting  "  again  may  be  employe.l,  the  boosters  making 
It  possible  to  work  with  a  battery  having  a  fixed  number  of  cells  and  to 
get  rid,  not  only  of  the  difticulty  and  complications  of  c/  mging  the  number 
of  cells  m  the  battery,  but  also  of  the  effect  of  these  changes  upon  the  cells 
themsc  h .  s.  \\  h.n  regulatmg  by  changing  the  number  cf  cells,  the  regulating 
cells  are  not  treated  with  the  same  amounts  of  charge  and  discharge  as 
the  other  cells  of  the  battery.  Thtis,  regulating  cells,  when  used,  are  a 
source  of  weakness  in  the  battery.  an<l  one  of  the  advantages  of  using 
boosters  is  that  th.y  get  over  the  ditliculties  involved  in  using  such 
regulating  cells. 

It  should  be  explained  here,  that  the  most  common  form  of  booster 
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onMsts  of  a  motor,  a  Renerator  ami  an  ex  -  r.  usua  ly  n.ountr.l  on  t 
.  ,m.-  shaft.  Tho  motor  is  .lesi^n.-.l  to  run  olt  the  l,u>lnu*.  an.l  .s  usually 
;lt  wound,  with  or  without  s..nu-  siH.ecl.,.,ulat,n,  .U  v.ce.  It  .Invcs  the 
vnerator.  which  is  either  wholly  or  partially  by  .i..-  .u„.»  (v-.n 
U,o  cMitc-r.  and  is  .lesigned  to  carry  a  very  heavy  a.rr.nt,  nanuly.  he 
,uil.loa.l  current  of  tlic  feeder,  or  other  device,  on  which  the  voltage  has 
to  be  rai^'Hl.    The  exciter  ^  , —  |— ^ —  z 


w  designed  to  supply  either 
.1  positive  or  negative 
current  to  tho  f;inerator, 
and  when  the  set  works 
automatically  its  current, 
l)oth  in  (lirrifion  and 
quantity,  is  made  to  depend 
upon  the  amount  of "  boost " 
actually  required. 

A  Battery  Booster  Regu- 
lating Board.— Thi'  regula- 
tion required  on  a  constant- 
voltage    system   when  a 
sccontlary  battery  is  em- 
ployed as  an  auxi'-'^ry  has 
already  been  briefly  referred 
to    on    pai;e    523,  when 
regulating  <  oils  and  boosters 
were  both  employed.  As 
just  explained,  with  a  well- 
designed  booster,  the  regu- 
lating cells  may  be  dispensed 
with.    The  several  types  of 
boosters  will  be  fully  dealt 
with  later. 

A  diagram  of  the  connec- 
tions of  tho  booster  panels 
at  the  Northampton  Poly 
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technic  Institute,  is  shown  in  Fig.  53^  These  panels  are  placed  at  the  loft- 
hand  end  of  the  generator-board  already  iUustrated  m  I-.g.  530.  fhere  art 
two  panels,  and  in  the  l.gure  the  battery  B  B  is  represented  d.agrammatically 
between  them.  The  man,  m.  fron,  tho  ^.  '  bu.bar  passes  through  tlnee 
^Zl  direct  to  the  single-pole  circu.t  breaker  c.  The  hr.t  .lun.t  Unnmals 
supply  cm  rent  to  the  ammeter  A  cn  the  a.ljo.mng  pam  l.  Ih..  -  a 
Xi-d  annuotor.  showing  by  the  -lirootion  of  the  <letiect.on  whether 
Se  cSrent  in      is  a  charging  or  a  discharging  current.  The  second  and 
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tliiKl  shiiiit  terminals  supply  current  respectively  to  the  discharpinR  an  ' 
charging  coulomb  meters  c  m  at  the  bottom  of  the  panel.    One  of  tlu  - 
meters  integrates  the  total  charge,  an.l  the  other  the  total  discharge,  tl, 
readings  Uw^  in  am])ere-hours.    From  the  circuit-breaker  c  the  curren* 
passes  direct  to  the         pole  of  the  battery  from  the  — '  p..!e  of  \v|„,  , 
a  connection  is  made  to  the  left-hand  arm  of  the  double-pole  switch 
Wli(n  this  switch  is  dosed,  the  connection  is  continued  to  the  left-han  l 
bni-h  ol  the  booster  T,  whose  light-hand  brush  is  connected.  th»  .jgh  it 
st  i  ir>  li,  1,1  coil  c,  to  the  right-hand  arm  of  the  switch  d.  When  this  arm 
IS  closed  the  connection  is  continued  to  the  — '  busbar,  ar.d  the  cir,  nit 
is  complete.    The  electrical  effect  is  that  the  battery  and  the  booster  arc 
placed  m  s.  ru  s  with  one  another  across  the  outer  busbars  of  the  three- 
wire  system. 

In  addition  to  the  main  circuit,  there  arc  several  subsidiary  ones.  The 
shuiu  e.xcitati..n  coil  of  the  booster  is  taken  direetlv  off  "its  brushes 
through  the  hand-regulated  rheostat  s  r,  part  of  which  also  acts  as  a 
discharge  resistance  for  the  shunt  field.  There  are  two  voltmeters  v  on 
the  panel.  The  left-hand  one  shows  the  voltage  acros.  the  brushes  of  the 
booster.  The  right-hand  voltmeter  is  comiected  to  a  multi-contact  volt- 
meter switdi  s,  by  turning  which  different  important  voltages  can  be 
ascertained ;  tlie  reader  should  trace  out  these  connections  for  himself 
There  are  also  two  auxiliary  excitation  coils,  c,  and  c,,  on  the  Iwoster-  c 
IS  interi)o>ed  between  the  generator  —  busbar,  and  the  lighting  — •  h„s! 
bar  in  parallel  with  the  re>istancc  of  the  adjustable  rheostat  k,.  whilst 
c,,  which  IS  shunt  wound,  receives  current  from  the  two  sides  of  the 
balancer  (sec  Fig.  539),  through  tlu;  reversing  switch  .s,.  The  cmuctions 
of  the  pilot  laini)s  p  L  can  be  readily  made  out,  and  are  interesting. 

.1  Continuous  Curratt  Balancer  Regtdatuis  Board.— The  object  of  the  con- 
tinuous current  balancers,  already  briefly  referred  to  on  page  5.' ;  is  to  art  is 
regulators  on  a  three-wire  distributing  system.  On  such  a  sv>h  ni  the  load 
should  theoivtically  be  always  the  same  on  the  two  ..ides,  in  other  words,  the 
loads  on  the  two  sides  shoukl  balance.  In  practice  this  ideal  state  of  things 
cannot  be  attained,  for,  as  a  rule,  the  two  loads  are  unequal,  sometimi-s 
in  one  direction,  sometimes  in  the  other.     When  this  occurs  the  supply 
voltage  across  the  outers  will  not  be  e.pially  di\-ided  between  the  two  sides 
unless  some  regulating  device  is  employed.  It  is  the  function  of  the  balancer^ 
to  supply  this  regulation  automatically,  or,  to  put  it  collo-iuialh  to  take 
charge  of  the  out-of-balance  current.  The  machines  used  nmy  he  regarded 
as   motor-generators,  and  their  application  for  this  purpose  has  been 
described  at  page  Oj5  of  Volume  I. 

The  connections  of  the  balancer  panel  at  the  Northampton  Polytechnic 
Institute  are  shown  in  Fig.  5.5,),  the  actual  j.anel  being  numnK.l  „„  the 
generator  board  (s^e  Fig.  sjoj  between  the  booster  ixmels  just  described 
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„,1  tJiP  Rpncrator  panels.   The  projocting  connections  on  thr  Irft  hand 
1,.  of   Fi'    Si.,  aiv  ...ntimuxi^  with  the  com-spondint;  projections  on 
I,..  ..yht-haml  suk  ol  Vv^.  y.^-     I  h'-  two  balancer  armatuns  N  N  have 
iheir  extreme  bruslK-s  ri;;l.t  .iiul  I.lt  directly  conn..  t.,l  t..  tl,.'  mitM.  ot 


:„  "three-win-  sy>tein  through  the  Mngle-pole  (''.uit  brcakei^  t  b.  the 
luoming  leads  airryiiiR  shunts  whose  terminals 
-iipply  current  to  tlio  two  aniinctt  r>  a  a.  wliii  li 
respectively  show  the  currents  on  tlie  two 
^idi-s.  The  inner  brushes  of  the  armatures  x  s 
„,•  iciiiurtrd  respectively  to  the  two  sides  of  , 
!lic  hand-rheostat  ii„.  tlie  middle  of  whose 
arm  is  connected  to  the  midtUe  or  nt  iitral  wire 
,,(  the  thre<-  wire-system,  through  (i.)  the  two 
>eries  excitation  f-oils  ft  o.'  the  balancers,  (ii.) 
the  aniiiuttr  slu.nt  s,  whox:  ter.niiials  Mipp'v 
rtirrcnt  to  the  third  ammeter  Aj,  and  (in.) 
the  sinKle-jx)le  switch  s  at  the  bottom  of  the 
lumd.    Tlie  amiiu'tor  a,,  tli.nfore,  measures 
the  out-of-balance  current  .muing  from  the 
neutral  wire,  and  it  is  a  polarised  in>triiiiuiit, 
so  that  the  direction  of  this  current  can  be 
observed.    The  voltmeters  v,  which  are  at  the 
top  of  the  panel,  and  the  recording'  voltmeters 
R  V  at  the  bottom  will  b-;  found  to  be  connected 
so  as  to  show  and  record  respectively  the 
voltages  on  the  two  sid.-.    The  shunt  excita- 
tion of  the  two  balaiuers  is  interesting.  On 
examining  the  connections  of  the  two  coils 
/,,  /i,  it  will  be  found  that  A„  the  coil  of  the 
li  lt -hand  machine,  is  connected  between  the 
outer  brush  of  tlie  right-hand  machine  .nd  the 
left-hand  end  of  the  hand-rheostat  Hi,  and  that 
the  coil     of  the  other  machine  has  the  corre- 
sponding connections  on  the  other  side.    1  he 

movable  switch  arm  of  ii,  is  ccimected  to  the  ,   ,  . 

incoming  lead  from  the  neutral  wire.  It  will  be  UM  ful  for  lie  stu.l.  nt  to 
work  out  how  it  is  that  the  conditions  of  regulation  make  't  'Usira Wc 
to  cross  over  tlu-  excitation  circuits  in  this  way,  it  hiding  reinembered  la 
the  shunt  exeitation  is  the  principal  .  xritation  of  each  .narhme.  and  that 
the  object  of  the  armatures  is  to  raise  the  voltage  where  it  is  t.K>  low  and 
depress  it  where  it  is  too  high.  It  should  also  be  borne  in  mind  that 
both  am.  ,tmes  are  on  the  same  shaft  and  run  at  the  same  speed. 

A  Combined  liaticry  and  booster  Regulating  Board.-As  an  example. 


Kig.  5ig.—C<niiif' lions  i)f  a  c.C. 
BaUnccr  Ke^uUting  Bv>ard. 
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taken  from  a  larKc  public  supply  station,  of  a  separate  regulating  boni  I 
in  ;i  t  asi'  wiu  ic  Ixitii  an  auxiliary  battery  and  lKx)sters  arc  used,  Fig.  51 
shows  a  regulating  board  used  in  the  Dickinson  Street  Station,  froii: 
which  the  curves  in  Firs.  536  and  537  were  taken.  This  board  ha- 
to  liandle  15.000  ainiHTcs  at  600  volts,  it  therefore  takes  rhargc  (  ; 
0,000  kilowatts;  there  are  no  regulating  cells  on  the  battery.  Tin 
board,  designed  and  built  by  Messrs.  Ferranti,  Limited,  is  divi<led  up 
into  ten  panels.  The  battery  is  on  the  first  panel  on  the  left-hand  side, 
th«>n  there  comes  a  diverter  panel,  and  next  to  that  is  what  is  known 
as  a  booster  siiort-circuiting  panel.  Farther  along,  there  are  three  pair- 
of  panels,  which  are  the  booster  motor  and  generating  plants  for  three 
sets  of  boosters  ;  and  then,  finally,  at  the  far  end,  are  the  exciter  panels, 
the  exciters  in  this  case  being  separately  driven. 

There  are  two  ways  in  which  a  booster  may  be  worked,  automatically 
and  noii-.intoniaticilly.  and  one  advantage  of  taking  this  particular  example 
is  that  both  systems  are  in  use.  A  diagram  of  the  connections  is  given 
in  Fig.  541.  The  station  being  for  traction  and  lighting  purposes,  there 
.ire  two  sets  of  busbars  one  t,  Tj  for  traction  and  the  other  i.,  L.^  for 
lighting.  There  arc  also  three  other  busbars,  two  booster  bars  B,  and  b,  in 
connection  with  the  traction  section  of  the  board,  and  one  booster  bar  B, 
in  connection  with  the  lighting  section.  With  this  board,  connections  can 
be  made,  so  that  the  battery  can  float,  as  it  is  technically  called,  on  either 
the  lighting  or  the  tra.  tioii  bars  (i.)  with  any  one  of  the  three  boosters  in 
series  with  the  battery,  or  (ii.)  with  two  boosters  coupled  in  parallel  and  put 
in  series  with  the  battery.  In  addition  (iii.),  on  the  traction  bars,  two 
boosters  can  be  put  in  series  with  one  another  and  in  series  with  the  battery, 
and  (iv.)  on  the  hgliting  side  three  boosters  can  be  put  in  parallel  amongst 
theniselves  and  in  series  with  the  battery,  but  as  there  is  only  one  extra 
botjster  bar,  two  boosters  cannot  be  put  in  series  with  one  another  on 
this  side. 

The  boosters  themselves  can  take  currents  of  3,800  ampcu  s  and  change 
the  voltage  by  a  nia.\inium  of  uo  volts,  the  working  voltage  being  Goo  volts. 
Each  booster  set  consists  of  a  motor  and  a  generator  on  separate  panels,  and 
there  are  two  exciter  sets  on  the  end  panel  of  the  board,  each  witli  its 
motor  and  its  generator.  The  generators  of  the  booster  sets  are  none  of 
them  self-exciting;  the  excitation  is  supplied  from  the  exciters  through 
the  exciter  busbars  e,  e^,  or  they  may  be  supplied  from  the  excitation 
circuit  of  the  motor,  and  in  that  way  they  may  be  indirectly  self- 
exciting. 

Taking  the  battery  panel  first  from  the  -|-"  end,  the  current  goes 
through  a  circuit  breaker  (6,  Fig.  541)  through  a  recording  ammeter  r  a 

and  an  indicating  ammeter  s  to  one  of  the  heavier  thruvv-over  switches  s  , 
which  are  so  prominent  in  Fig.  540.    The  other  end  goes  straight  to  the 
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other  thn.w-ov.r  su.trh  s,.    Tl..-  p.,.itive  Irad  continues  throu«h  charRe 

l,  .l,„n«  lurs  am,r,lin«  to  llu-  p-itiun  ..f  tho  ^u.M.  s  s, ;  tl..  n,  0 
..,.s  t..  n..or  B,.  ami  can  be  conmvt.-l  by  Imks  tm  - ''I'- •  '''' 
t/aoti'n  or  ,h.:  H.htin,  s.  t  ami  n.^at.v.  l-usbar  T.  or  I,  "J^* 
..r  co.uu-ctor  snvUcIks  can  .l.ort  arc  u.t  tin-  l«K,st.-r  bars  on  to  »'••  "-^^^  've 
bars  on  cither  side.  There  are  voltnu  tr.s  on  Loth  s„l,  s  of  l.uK.. 
measuring  tl»e  P.  D.'s  betwe.  n  tlu-  b..o.U-rs  an.l  the  nr^  .t.v.  b.ul.us  wlu  u 


fis.  54„.-l.rr«,ti  I,.,...,.  ,>nd  B«..«  R.C«l..mg  r.«r.!,  Dkkir.son  S.««  Station.  M»chcMcr. 

the  link,  are  o,H>n.  There  is  a  volt  meter  on  the  bat„>y  ,un.l  uUh  a 
Lt  nle  v.,l,nu..r  by  Nvhieh  it  can  In-  put  on  eUh.r  (,.)  tlte 

Ic  iuu  busba..,  or  (n.)  the  b«l.tin«  busbars,  or  (ii,.)  the  battery.  Ihese 
swUchis  an,l  instr.u.euts  slu.uUl  be  ,.l..n...uM  ou  bo,h  .he  cha«ram  o 
and  the  board  itself  in  Fig.  54».  The  tmly  sw,„  h  whu  h  cannot 
lHr:,^„  i„  Vv-  =,40  is  the  circuit  breaker,  which  is  a  r.  n.ot.-  -  ontvol  o,,,., 
haN  .na  t..  han.li;,  if  nece^su  v,  15  00..  annuTes  at  <.oo  volts.  M.'.  •erra.tt. 
cn.wlers  that  such  a  circu.t  breaker  shoul.l  be  as  earefuUv  protected  as  a 
hi«h-vo]tage  circuit  breaker,  ami  he  tlu  refore  puts  .t  .n  a  -  onoet.  cub,,  .. 
by  itself.  AU  the  heavy  circuit  breakers  on  tlus  board  are  ui  Mi.arate 
cubicles. 
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Coming  now  to  tho  next  panel,  which  is  the  MMralkd  divcrter  panel 
the  negative  current  from  the  traction  generators,  or  from  the  battery  in 


parallel  with  them,  p.ws.s  diivct  (o  the 
bo  closL'd,  but  by  opeiiiiig  that  link  the 


hvAr.w  if  (Ik-  link  K,,  Fig.  541, 
current  is  passed  tbiougb  one  <x 


r„  nf  tho  n-sistanccs.  which  arc  known  as  divert .  r  n>iMan.  «.  Tlie 

S  S  with  the  series  excitation  co.l  .-t  tl.e  p  n.raf.r  of  e.the  of  the 
.X  ur  s^t!  Onlv  one  excite  «t  i.  wan.e.l  at  0,...  Unu  .  ..n.l  >v  .l.n...n. 
.ve^  sr  be  s..ri;.s  or  cnmiH.ur^.UnR  coU.  wh.ch  is  the  .ontrolhn^ 

in  use  can  »h-  put  in  parall-  l  with  tho«.  re..5tanre5  an.l  there. 
f^?e^L^«!Snt  hrouKl  tluu  cl..l  .,11  W  ,Mo,,..,.,n,ul  ...  .1.-  !->  -  '"ten 
;:S,Tt"X  trLtion'busbars.  wh.ch  w.U  thus  contw.l  th.  .  xn..  .  unrent 

The'exnti^'  c.  e.  (Fig.        a. ■  .h  i'  .  "  »>>•  motors         whic  h,  by  throw- 
in«  over  tl^  wUch  s.  . .  L  can  .x-  put  either  on  to  the  tra.  tu.n  h„sK-.r* 
T  T.  or  on  to  the  lightinR  busbo:s  t,  t..    The  m..t..r.  1> av .  . ...  u.t  1  .  ..U  . 

on  tCT-  '  lea.l  an.l  onhnn.v  shunt  excitation,  but  Nv.th  a  c.ntroU  uK 
resisttce  in    le  ar.na.ure  cir.  ....  by  which  the  spe«l        P-wer.  of  the 

motors  can  be  aher.  a.    The  a.ljustnu.nt  i.  by  ha.ul  .  .M,t,.,ll.  .1  ^sv-t,  l...^,  .1 
r^roma?"     The  helds  of  the  exciter  generat.,..  are  ,n....-  .....pl.- 

cited     n,cre  are  two  shunt-exciting  coils,  and  ..ne  s.-r.es.    U.e  . ...  .  .-.l 

hiaireadi^^L^  referred  to  as  IxinR  in  paralU  l  with  the  ^Jverter  rcM.lanee 
^r^rryh^ra  eunent  which  fluctuates  ..th  the  l.a.l  but  not  taking  he 

nuter  resistance  bv  which  the  voltage  on  the  coil  can  be  alt  ...I  .  l 
^t  to  any  vah/ desired  by  c.ntacts  on  the  resistance,  am  t».us  t  us 
Tuxihary  shunt  excitation  can  be  set  to  a  definite  vahie.  K  ther  of  he 
r^rators  .rough  the 

an  immeter  A  and  a  voltmeter  v. 

Trtlree  b.K,ster  sets  are  each  driven  by  a  motor  n.,.  n,   or  rn 

can  bv  the  D.  P.  throw-over  switches,  s,.  s,  or  s„.  U'  put  d....tly 
\    can,  nv    n  ^^^^  j,,^.  j.^^. 

cm"  r  1  in  the  armature  circuit,  and  circuit  breakers  in  the 
ii?i^  eads  in  each  case.  l.  e  generator  circuits  of  ^  -  ^o^^;^ 
S  1  which  are  similarly  connected  up,  ex.  .  i>t  as  r.  uar.ls  th.  busb.ir? 
^^M^t'hTre  is  also  a  thro.'over  switch,  s,  or  with  an  ain.n.-ter  and  a 
\  L  nVrer  on  the  4-"  lead.  There  is  also  a  voltmeter,  nv!,..  !,  by 
rtp'  Sa^  "v'^t  W  interposed  l.twecn  one  side  of  the 
:L;Xr.ol^  switch  and  either  generator  lead.    Generator  g.  can 
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be  put  on  bar.  T,n,  or  i,b„  ami  K.  n.-rator      ,.n  l,ar,  b,.       or  on 

it..'  .•x.itati.m  of  tl...  KoniTators      ami  u  can  Ix-  tnk.n  .lin.  tlv 
u-  txiuer  kirs  r,      ami  n  thro  automatically  n.i.lr..ll,.,l  l.v  ll...  l.-a.l  ,.n 
l»e  trac,.o„  s..le.   Tl...  .In.nt  .I,,  ..,..,,         ^,  is  ...  i..  .  ..^ain  , 

an  l  thon  tho  .xnters  .....  ...  give  th.  .ur.s.a.y  .-xntation  for  any  voUr; 

''■tw...„  ,     hruslu.  f,o,n  u  ,„.  to  T.O  volts.  Th.  armatnro  has.      -o  ^ 
to  carry  .ts  share  of  the  heavy  current  I..,.,!,    l  ,...  .  xc.ui..,.  .  „  .m  "; 

any  on.      more  o  the  generators  ..„,  „.,,, 

V     .•xnf.T  hn.lM,x  .m,l  ,„..v  1m.  ,.„f  in  parallel  thrmiRh  a  rlK>cKtat 
w  .h  ,     sl„,„,  nr.  nit  of  .1...  eorrc.pon.l.ng  motor.    More^er  i 7^ h  !. 

automatic.   All  these  switches  an.l  instn..,,.  nts  should  aeain  be  identifi«l 
on  the  actual  hoanl.  as  ,|,     t.  ,1  in  l  i^;.  54,,  '        "  WentifkU 

c„„,u...iun.  of  ••iw,st..r  No.  ,  -  are  m<,re  rompHrate.l.  This 
K-  ...  ra  or  can  In.  put  o„  ,he  traction  si.le  on  to  the  hu^har;  r  ,  an,l  „  "r 
on  .0  he  busbars      and       and  thus  take  its  pl... i„  „.„  .        „  .'i,,^ 
cferre.1  to  ....  pap.  Thi.  is  a.  n.,„p,Mu..l  .,•  h.n  ,n«  two  .hr.-x^'^^ 

s«.fch..s  n  .ts  arn,..tun.  ,  „.  „■.,  as  shown  at      and  ...    The  swit.  I,  V 
can  also  h,.,w      over  from  the  traction  to  the  hRhtin.^i.les  or  ^i^  l  Z 
lie  comb.nat.ons  can  be  rea.lilv  tna.le  .,„,  U  exan.ir.i,,,  the  .lial^am 
T  ese  combmafons  have  all  Invn  thou.h,        for  the  part.cular  Srt 
n  .„ts  of  a  pa,„,  „Iar  stafon;  what  shoul.l       „„ticed  is'the  way  in  S 
tlu>  l!ex.l.,hty  of  workmg  can  be  obtaine.l.    Tlure  ar..  sever.,1  "Le>e-tin 
l-nus  ,„  connection  with  the  construction  of  th..  .uitehe.  an.      r  i^ 
.......kers  used  on  th.s  l>.,anl,  to  whi.  h  refer..,,,  e  will  h..  la  e  if  pie 

P-  nn.ts.     t  may.  how..v..r.  1.  nu  ntione.l  here  that  the  hea  v     ,  C 
-  . sw...  h..  on  ,1...  tust  panel  (Fi^.  540)  „f  the  board  were  very  ."u. 
ully  .le.s.g„e.l  s..  that  th..  current  shoul.l  hav,-  as  little  n.sistanc..  a^  ,Lsi  1 
o  flow  through  m  passin,  through  the  swit.  h.   The  test  show     h;    w  e„ 
he  sw,t.h  ,s  .  arrvn,,  :,..oo.,  a,np..r...  the  .hop     pressure  over  the 

cubST*"';/"  ''T"  n-.!.'  of  th..  eir.  ui,  hr..,,k.  being  en.  l..se,l  in  .  ..ncretc 
cub  rles  t  may  W  M  tlK.t  each  of  the  busbars,  which  are  thn.n.lu' I 
n...l,  .,f  alunn„„„„.      .  u,  los...l  i„  a  concrete  trough,  thus  carry, 2 

■1"^  "ll-',™";  l«l»-™  "  rc.s„la,i„«  l„,ar,l  „„.  a,„,„.'„.  iC^t'^t 
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Institute.  The  f.ol.  r  Is  whirl,  arc  rrrrtM  alon^-i-l.-  the  ngaVMinK 
::;eb  .nd  Uke  curr.m  ...,.n  the  bu^.u..  wl.ul.  I  .In.,.,.' 

IlK-   raMibtiag   pwKl*.    I«avc  aln-acly   Ix-vn  a.>cnl,..|    .,t    pap'  ,~ 

"  '  Two  ■^fws  of  tl...  ar..  ^.iv.  n  in  Fi.^  54^        M3.  « 

.,f  the  connections  in  F.g.  545-   The  board  .s  erccte<l  on  the  »«ne  k  'ry 
the   desk  control 

i,o,ml  {V'lK-  54''). 
tlic  lowir  part  of  it  lan 
Ik"  just  ^fM'ii  to  tilt  U'ft 
,1    tlif   »lo<k   in  the 
\  i.w  of  tlic  station  Kivcn 

Ml  I'iK-  .V»5.  V'l 

I  n  Fig.  542,  which  slwws 

the  front  of  the  board. 

tlie  two  m-arot  iiancl- 

are   the  rcmilatiiiK 

(taneb  and   tlic  two 

larthest  tho  feeder 

jianils  of  Fif,'.  53Z.  A 

l)ack  view  of  the  f)oard 

from  ihe  same  end  is 

shown  in  Fig.  543. 

which  tlio  bu>l)ais.  >-uj)- 

jwrted    on  porcelain 

insulators,  and  other 

details  ran  be  readily 

niade  out. 

It  is  nv.  <l  elsewhere 

(page  551)  that  the  low- 
voltage  secondaries  of 
the  large  tran-forincrs 
supply  two  set^^  of  three- 
phase  leads.    Of  these  .     .  „        .„t  - 
ilu-  chief  are  the  main  leads  M  bringing  m  the  full  pnssurt   ..  •  .y. 
volts  of  the  transformer  secondaries  and  the  others  T  are  li..  . 
tZirZ  from  close  to  the  neutral  point  .,f  the  Y-ronnected  secu... :  aK.. 
Suppyrg  current  at  about  («-  volts  for  starting  .he  rotary  converter. 

The  ma  nVads  M  pass  first  a  three-phase  contro  hug  >w„,  h  ,<  wh,.o 
functt!..  is  to  raise  or  lower  the  volta.e  coming  from  the  nunn  translorn>ers 
EHhe  Currents  pass  to  the  busbars  shown  at  the  top  ..f  the  d.agranu 
This  function  is  accomplished  by  mean>  ol  a.uini.  n.u    ir..i:i  •  •  •■ 

Sts  are  in  the  diagraxn.  the  whole  arrai.,cment  acting 
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as  a  booster  citlirr  positive  or  negative.  The  connections  which  are  refern  1 
to  more  fully  1«  low  arc  somewhat  complicated,  although  the  principle  us<  1 
is  easily  followed.  The  actual  switch  is  not  on  flie  board,  hut  is  nimmt,  l 
on  the  gallery  below  the  board,  from  whic  h  it  i,  operated  by  a  chain  aiM 

sprocket  whei  1 
worked   by  (h 
hand  wlicii  ^h()Wi 
on  the  front  of  the 
board  in  Fig.  542. 
The  chain  can  alsi  < 
be  seen  in  Fit;.  54 
the  back  view  ol 
the  board.  The 
actual  switch  with 
some  of  its  con- 
nections is  shown 
in  Fig.  544,  from 
which  it  will  he 
seen  that  the  con- 
tact arms  are 
worked  through 
Renriiii,'   from  the 
sprocket  w  lie  el 
driven  by  the 
cliain,    and  th.it 
there   is  a  crank 
handle   by  which 
the  switch  can  be 
()j>crated  from  the 
door  of  the  cniiiiic 
room   as  well  as 
from  the  gallery. 
The  boosting; 
transformers  are 
placed   on  the 
right  -  hand  lower 
wall  behind,  and 
close  to,theswit(  h. 


*''g,  543— Back  View  of  !.owVi,li. 


Suilchlicviil 


The  V()l(a,i,'cs  of  the  (Incc  jiliases  are  raised  or  depressed  simultaneously 
by  the  three  arms  of  the  switch,  and  it  will  therefore  suffice  to  follow  one  set 
of  connections  throni^h.  ICxaniine  the  right-hand  lowc-i  e<ii,,n  of  f  he  diiij^Tam 
of  the  switch  in  Fig.  543.  It  will  be  noticed  that  there  are  four  (  (UK  entric 
sets  of  c<»itacts  :  (i.)  an  outer  set  consisting  of  nine  studs  joined  together 
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ii  pairs  with  thr  c  nti  al  om-  r-m^V-.  (ii.)  ami  (iii.)  tw.i  intermodiatc  sots  cirJi 
)f  three  extciid.-a  ciicular  segments,  and  (iv.)  a  imi'  i  - -m.  nt.  1 

ransformer  is  shown  diagrammatically  at  the  >i.le  hy  a  low :  pi  unary  o.il 
md  a  secondary  coil  divided  into  fonr  sw  tions  by  five  tappnigs,  which  are 
conncctod  to  the  live  pair,  ot  thr  ont-r  rin?  -t  ^-tnd^  The  nuonung 
main  M„  is  connc.tcd  dncctly  to  tiie  lower  ..ut>i.l.-  tap.  and  tlu-  ont- 

oinR  main  m,,  on  its  way  to  the  busbars  is  conm- tr,l  din.tlv  to  tiu- 
M  u.  r  ■^CL,'mcnt  (iv  ).  Tlio  rotating  arm  connects  the  outer  stud,  uix.n  whi>  h 
i,',  tiii.MT  (Fi-  544)  ><-ts.  dncctlv  to  this  inner  segment,  and  this  outer 


Kig.  54<.--*.  c  Boorter  Trwisfocm.r  Switch  at  the  N„r(haiDpton  I'ulylcthnic  In»titule. 

ring  of  studs  marks  the  limit  of  its  rotation.  On  the  two  intermediate 
circles  No.  i  of  thf  .nit.r  i^  connect.-d  alwax-s  to  No.  3  «!  the  inner,  and 
No.  I  of  the  inner  to  No.  3  of  the  outer,  and  the  two  ends  ot  tli.-  I'r'nw'.v 
coil  are  connected  to  segments  Nos.  i  and  3  of  the  outer  ring.  The 
central  inner  segments  of  all  three  phase-  are  rnniieete.l  together,  fornung 
a  neutral  point  for  a  -  star  "  comuetioii  of  the  ptiinarie^.  and  the  centra 
outer  segments  are  joined  to  the  iiu  oming  main  m,  by  b. mg  wiiiw  cie^i 
to  the  central  .tud  of  the  outer  ring  of  nine  stu.k.  1  he  pnmaric;,  are 
therefore  thrown  a.  ro>s  the  mroming  mains  as  a  •■  star  "-connected  system, 
and  take  the  full  voltage  of  the~e  main.,  as  shown  move  simplv  in  il.|- 
smaU  diagram  (Fig.  546)  at  the  side,  where  the  current-,  throuyli  the  swu.  U 
87 


546 


Electr}city  is  the  Service  of  Man 


are  set  out  without  the  complication  of  the  reversing  switch.  As  rej^arc: 
the  two  intermediate  rings  the  rotatinp  arm  either  links  Nos.  i  and  2  r 
Nos.  2  and  3,  and  thus  the  six  scKmcnts  art  as  the  six  ct)nta<  of  an  ordinal 
reversin,!,'  switch,  reversing  at  pleasure  the  direction  of  t:,e  currents  in  tli 
Iirimaru-;  of  the  transformer.  This  in  effect  reverses  the  end  connection^ 
of  the  coils  p^,p^  and  p^,  in  Fig.  546,  and  thus  the  main  m,  m„  in  runniii, 

through  may  lini: 
in  the  coils  of  s 
either  an  assistim 
or  an  opposint 
E.  M.  F.  With  each 
reversal  of  coimct- 
tions  the  voltages  of 
all  the  sccondarifs 
will  be  reversed, 
and  as  the  section 
of  these  in  circuit 
at  the  moment  is 
in  series  with  the 
mains,  tiieir  vol- 
tages will  increase 
or  diminish  the 
voltages  of  the^o 
mains. 

The  general  ef- 
fect is  that  the  350 
volts  on  the  incom- 
ing mains  m  can  be 
raised  to  390  volts 
in  four  steps  of  ten 
volts  each,  or  de- 
pressed to  310  volts 
in  four  similar 
steps. 

The  double 
throw    triple  -  pt)]e 
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M^— Diagnun  of  the  Consceliaa*  of  the  A.  c.  ReKulaling  BoOd, 

Nonhampion  Polytechnic  institute. 


s  in  Fig.  545  is  the  first  step  in  the  series  of  connections  for 
jtarting  and  controlling  a  rotary  converter  {sec  page  (133,  Vol.  I.).  On 
the  lower  contacts  it  receives  for  starting  purposes  current  from  the 
fM,-volt  tappiiiu;s  T  of  the  l.uj^c  iransformcrs.  whilst  on  the  upper  contacts 
It  receives  currents  at  the  full  pressure  as  adjusted  by  the  booster 
arrangement  just  described.  In  either  case  the  current  through  this 
switch  next  passes  to  the  triple-pole  circuit  breakers  at  the  top  of  the  board. 
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From  these  circuit  breakers  two  of  the  phases  pass  direct  to  the  shp  rings  of 
ihe  rotary  converter  k  c,  whilst  the  third  phase  on  the  way  to  its  slip  rinR 

lias  to  pass  through  the  ammeter  a,  the  power-factor  indicator  p.  F.  i.,  and 
the  cnerpy  meter  e;  en  route  a  current  transformer  ^ivcs  off  current  to  the 
,  ording  ammeter  R  A.  The  instruments  E  and  R  A  are  at  the  bottom  of  the 

iirther  panel  in  I- if,'.  542.    For  voltmeter  purposes  currents  are  taken  direct 

1,0m  the  main  busbars,  through  fuses/  for  the  three  voltmeters  v  at  the  top 

of  the  first  panel  and  through  resistances  r  for  r.  r.  i.    There  is  also  a 

\  .It meter  on  one  of  the  phases  in  parallel  with  the  pilot  lamp  P  L.  The 

,  ,  inaining  apparatus  is  connected  with  the  excitation  circuits  of  the  rotary 

converter.  A  lead  from  the  right-hand  brush  of  the  commutator  is  taken  to 

,!,e  field  ammeter  F  A,  and  then   to  the 

u  lulating  resistances  R.    The  shunt  circuits 

,)f  the  machine  are  in  sections  brought  to  the 

terminals  and  switches  marked  F  c,  by  means 

of  which  one  or  more  coils  can  be  cut  out  of, 

or  brought  into,  circuit.    In  addition,  the  ex- 

( itation  current  can  be    /ersed  at  the  reversing 

switch  R  S.    After  passing  R  s  and  F  c  tin; 

circuit  is  completed  by  passing  through  the 

scries  coil  to  the  left-hand  brush.   The  series 

coil  s  needs  no  explanation.    T»  "  continuous 

current  from  the  rotary  is  taken  by  the  leads 

to  the  rotary  converter  panel  x  (Fig.  534).  oi 

the  c  c  low-voltage  board.   The  third  lead  from  the  left-hand  brush  of  the 

converter  is  taken  to  the  contact  shown  as  idle  on  the  switch  s  (F'K-  534) 

for  connection  to  an  equaliser  bar  when  the  rotary  is  to  be  parallelled 

with  the  main  c.  c.  generators,  running  at  550  volts. 

Remote  Control  Boards.-In  the  early  stages  of  the  development  o 
public-supply  stations,  when  the  am.nmts  of  power  and  the  voltages  dealt 
with  at  the  switchboard  were  much  less  than  they  are  in  important  moderri 
stations,  it  was  possible  to  design  the  boards  so  that  all  the  switc  u  s  and 
measuring  instruments  could  be  placed  on  the  front  of  the  board  m  fu 
view  of  the  or<  rator.  The  possibility  of  such  an  arrangement  w^  sti  1 
further  exten<led  when  the  "  panel  "  -ystem  of  construction  was  develope.l, 
though  the  primary  object  of  this  system,  as  explained  elsewhere,  was 
different  With  the  growth  of  the  size  of  generators  the  amount  of  power 
controlled  by  a  sinfilo  switch  or  group  of  switches  increased  to  such  an 
extent  that  the  switches  themselves,  re-designed  for  the  new  conditions, 
became  massive  and  elaborate  pieces  of  apparatus  which  could  no  longer 
be  mounted  on  the  front  of  the  boird.  Simultaneously  the  increase  ot 
the  voltages  of  generation,  and  stiU  more  of  transmission,  required  addi- 
tional safeguards  in  the  design  of  the  switches,  which  tended  towards  stiU 
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greater  increase  of  size  and  of  the  space  reciuiml  for  tlicir  ciim  tion.  S'  ll 
further  complications  were  introdiued  when  the  tl(siral)ility  of  iiiinier-in:; 
the  break  gap  for  high  voltage  a.  c.  circuits  in  insulating  oil  was  acted  ujx  ii. 

The  difficulty  was  at  first  met  by  placing  the  switches  behind  the  board, 
where  the  necessary  space  could  be  provided  more  readily,  the  switdi 
being  iiiaiiiinilated  by  levers  of  sui'  '-ie  design.  As  seen,  liowever,  1  v 
Ferrauti  and  others,  this  device  did  not,  and  does  not,  meet  all  modem 
requirements,  which  in  large  stations  now  necessitate  the  still  furthir 
separation  of  the  switch  gear  and  the  section  from  which  the  operator  v.\ 
charge  controls  the  whole  of  the  generating  and  distributing  circuit  . 
When  this  separation  is  made  the  personal  safety  of  the  operator  can  1h>. 
ensured  by  arranging  that  none  but  low-voltage  circuits  shall  be  in  the 
neighbourhood  of  the  apparatus  which  he  actually  has  to  handle. 

The  --witch  gear  at  the  distant  point  can  be  operated  in  various  ways, 
which  may  be  suiuniarised  as  follows 

(i.)  Mechanically,  by  means  of  livers,  trackers,  etc.,  somewli.it 
similar  to  those  used  for  operating  railway  points  from  signal  cahiii^;. 

(ii.)  Pneumatically  by  means  of  air  under  pressure  operating  iittle 
air  cylinders  or  engines. 

(iii.)  i:iectrically  by  electric  motors  whose  circuits  are  controlled 
by  switches  upon  the  operating  board. 

(iv.)  Electrically  by  long-throw  solenoid  magnets  whose  circuits 
also  are  controlled  by  switches  on  the  operating  board. 

By  whatever  method  the  distant  switches  are  controlled  two  essential 
conditions  should  be  satisfied,  viz. : — 

(1)  A  repeat  signal  should  appear  at  the  operating  point  to  inform 
the  operator  whether  or  not  the  switch  has  responded  to  the  move- 
ment at  the  controlling  point ;  and 

(2)  The  operator  at  his  usual  position  at  the  controlling  board 
must  be  able  to  ascertain  exactly  how  the  actual  switch  is  set  at  a 
particular  moment. 

Mechanical  Control. — Even  where  the  amount  of  jwwer  andled  is 

comparatively  small,  it  may  be  inconvenient,  if  the  volt.  -high,  to 
place  the  main  switches  immediately  behind  the  operating  board  or  panels. 
In  such  cases  an  adjoining  room,  if  available,  may  be  utilised,  the  switches 
being  manipulated  hy  levers  and  track<  is,  which  as  explained  above,  are 
often  similar  to  the  levers  used  for  working  railway  points  or  switches. 

As  an  example,  Fig.  547  siiows  the  operating  section  of  the  Siemens 
remote  control  board  for  the  high-voltage  generators,  synchronous  motor, 
and  transformers  in  the  generating  station  at  the  Northampton  Poly- 
teclutic  Institute,  which  will  be  found  described  at  pages  378  to  381.  This 
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...crating  section  is  of  tho  desk  pattern,  which  has  brcn  found  so  con- 
.  .-nicnt  in  many  modern  stations.    It  is  placed  on  a  Rall.  rv  at  the  Rnierr.tor 
n.l  of  tho  station,  the  clock  seen  in  Fig.  305  l^ei^S  '^''""'^  ''^^ 

riie  operator  manipulating  the  switches  in  Fig.  547  can  therefore  see  the 
generators  and  the  synchronous  motor  which  he  is  controUing ;  the  static 
transformers.how- 
, ver,  are  in 
iiiiither  room. 

The  section 
consists  of  four 
]>anels ;  on  the 
t  xtreme  left  are 
f^enerator  panels, 
one  for  each 
alternator  {see  Fig. 
S4()),  next  is  the 
synchronous  motor 
panel  for  the 
motor  generator 
set  seen  on  the  left 
of  the  generators 
in  Fig.  396.  and 

at  the  right-hand 

end  of  the  section 

is  the  transformer 

panel     The  four 

main  switches  for 

these  panels  are 

mechanically 

operated   by  the 

handles   H,  the 

switches  them- 
selves, shown  in 

Fig.  54'3.  being  in 

the  room  imme 
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me    room    uiiiiic-  1        1     Ti         ■«  1  c 

diately  behind  the  operator  as  he  stands  facing  the  board.  1  he  >av,  <  lus 
and  the  whole  of  the  high-vcltage  .ear  are  mounted  m  cells  bu.lt  of 
artificial  stone  slabs,  the  front  of  the  cells  being  closed  with  expanded 
metal  screens  not  shown  in  Fig.  548-  ,  ,  .  ^. 

The  detlectional  instruments  proper  to  each  panel  are  recessed  m  the 
marble  of  the  panel,  their  dials  being  flush  with  the  face  of  the  pane  .  whibt 
the  recording  instruments  are  on  the  vertical  front  of  the  paneK  The 
voltmeter  and  synchroniser  are  mounte^  on  a  swing  bracket  at  the  .  =d 
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of  the  desk,  and  can  be  thrown  into  circuit  by  suitable  plug  switches  r  -i 
each  panel.  The  currents  in  all  these  instruments  are  low-voltage  current  . 
obtained  from  the  instrument  transfwiners  which  can  be  seen  moantid 
in  the  high-voltage  cells  of  Fig.  548. 

The  connections  for  one  of  the  generator  panels  and  lor  the  s3mchronot.. 
motor  and  the  transformer  panels  are  sliown  in  Fig.  549.  Taking  tl  ■ 
generator  panel  first,  the  generator  itself  is  shown  in  the  diagram  at  t; , , 
with  its  armature  and  field  drcuits  distinct.  For  the  latter  a  pair  «,! 


Fig.  54<.-High-Voli*g«  switcba  at  tin  NorUuipioa  Polytwbaic  tiutitata. 


leads  cc  from  the  busbars  of  the  continuous  current  low-voltage  gener- 
ator and  battery  board  already  described  are  brought  to  a  double-pole 
switch  placed  on  the  vertical  front  of  the  desk,  which,  when  closed,  places 
the  field  coil  of  the  alternator  and  the  controlling  rlicostat  in  simple  series 
on  the  busbars  through  a  field  anuneter,  the  dial  of  which  is  on  the  face 
of  the  desk.  It  should  be  noted  that,  in  connection  with  this  d.  p.  switch, 
there  is  a  discharging— or,  as  it  is  often  tailed,  a  "  kicking  "—resistance, 
which  is  thrown  in  parallel  with  the  field  coil  on  the  first  motion  of  the 
switch  handle  for  breaking  the  field  circuit,  and  before  the  field  circuit  is 
opened.  This,  as  explained  elsewhere,  abolishes  the  heavy  spark  which 
would  result  if  a  circuit  so  highly  inductive  were  opened  suddenly. 
The  three-phase  armature  circuits  at  g,  are  shown  connected  up  in 
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•'star"  grouping  in  the  diagram,  but  can  be  coiimct.  il  mi  in  "dt  lta"  at 
the  machine  when  so  required.  In  lithtr  case,  the  lt  ail>  linm  tin-  iikk  Iniic 
in-  cairip'l  tliroiish  lusts,  direct  to  the  incoming  contacts  of  the  oil  swittii 
>,  sho'vn  in  I'ig.  540.  When  these  contacts  arc  closed  by  inovinp  the  lever 
in  front  "f  the  desk,  the  cin  iiits  are  contiinud  to  the  thn  e  _>.jn,,  v..lt  bu^- 
liars,  each  of  which  is  carried  on  porcelain  insulators  in  a  m  p.irate  tiiiUf;li 
placed  along  the  top  of  the  switch  ch?-'ber8  shown  in  Fig.  548.  It  should 
be  explained  here  that  the  levers  i,  wii  .  Iii-,e  iqi  to  the  busbars  in  th' 
diagrams  are  not  switches,  but  only  hnk>,  wiiu  li  an  to  be  upmcd  or  ciosed 
only  when  the  busbars  are  dead.  Their  obje(  t  is  to  iii.ikt  it  possible  to 
remove  a  switch  and  all  its  comuTtions  entirely  from  the  high-voltage 
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fig-  549.— Diagram  of  the  Connecliura  of  ihe  "  Dcik  ( ii.<:r«iiii^ 


busbars  for  cleaning  or  other  purposes.  Circuits  are  taken  off  the  mains 
on  their  way  to  the  *>usbars  from  the  oil  switch  for  the  priniaries  of 
potential  transformers,  and  the  main  leads  pass  through  the  primaries  of 
two  sets  of  current  transformers.  The  first  of  these,  shown  in  the  diagram 
above  the  main  switch  s,  are  on  two  leads  only  ;  their  secondaries  are  to 
supply  current  to  the  tripping  coils  of  the  oil  switches,  which  are  indi- 
cated diagrammaticaKy  by  two  solenoids,  one  on  either  side  of  the  main 
switch  levers.  These  are  over-load  coils,  whose  armatures  only  trip  and 
open  the  switch  when  the  current  in  either  of  them  exceeds  a  certain  pre- 
arranged value.  The  second  set  of  current  transformers  t,  nearer  the 
busbars  has  secondaries,  star-coimected,  and  with  the  common  iioint  of 
the  star  earthed,  the  "earth  line"  being  shown  at  the  lK)ttum  of  the 
dij^am.  These  secondaries  pass  through  the  three  ammeters  a  shown  in 
the  diagram,  and  whose  dials  appear  on  the  top  of  the  desk.    In  series 
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with  two  of  these  ammeters  there  are  the  current  coils  of  an  enerp\ 

meter  r,  mounted  on  the  vertical  front  of  the  desk,  and  with  one  of  thru 
the  coil  of  a  recording  ammeter  ra  is  also  in  series.  This  recorder  is  al.-i. 
mounted  on  the  front  of  the  desk.    The  remaining  ammeter  b  in  serif - 
with  the  ciu-rent  coil  of  the  reverse  relay  r  k,  whose  function  is  to  trij 
the  main  oil  switch  if  the  direction  of  the  flow  of  energy  is  reversed  an 
the  generator  is  being  driven  as  a  motor.    Tlie  tripping  circuit  wiiich  i- 
encrgised  by  continuous  currents  is  represented  as  leaving  the  board  at 
ct.    The  secondaries  of  the  potential  transformers,      which  with  thi 
primaries  aie  protected  by  fuses,  supply  current  to  the  volt-coils  of  tlw 
energy  meter  e  and  the  reverse  relay  r  r.  All  these  circuits  are  in  parallel 
with  o.  !  another.    They  are  also  connected  to  the  contacts  of  the  plug 
receptacle  z  by  which  they  are  put  in  parallel  with  the  station  voltmeters  v 
(on  two  phases)  and  the  coils  of  the  synchroscope,  these  instruments  Ixing 
s1'  >wn  on  the  right  of  the  diagram  in  Fig.  54.)  joined  in  parallel  to  the  other 
contacts  of  the  plug  receptacles  z  at  each  panel.    It  will  be  remembered  (set- 
above)  that  the  instruments  themselves  are  on  swinging  brackets  over  the 
left-hand  end  of  the  desk.    The  power-factor  indicator,  pfi,  which  is  also 
on  a  bracket  at  the  end  of  the  desk  receives  volt-currents  from  the  same 
secondaries  through  another  plug  receptacle  R,  as  shown  in  the  diagram. 

^  The  synchronous  motor  panel  of  the  remote  control  desk  shown  in  the 
middle  of  the  diagram  (Fig.  549),  is  connected  up  in  almost  identically  the 
same  -.vay  as  one  of  the  generator  panels,  the  chief  difference  being  that 
the  reverse  energy  r  >lay  and  its  connections  are  omitted  as  not  being  re- 
quired. Another  difference  is  that  the  excitation  current  cc  is  taken  from 
the  busbars  of  the  iio-volt  panels  of  the  low-voltage  CC.  feeder  board 
(F'g-  534).  instead  of  from  the  220-volt  busbars  of  thec.c.  generator  and 
battery  board.  This  alternaie  current  motor  is  run  up  to  the  synchronous 
speed  from  the  panel  (Fig.  532)  of  the  25-kilowatt  generator  of  the  set,  the 
generator  being  used  for  this  purpose  temporarily  as  a  motor,  the  starting 
appliallce^,  for  which  are  on  the  panel  named.  When  the  synchronous  speed 
has  been  attained  its  fields  are  excited  and  it  is  paralleled  on  to  the  busbars 
in  the  usual  way. 

The  transformer  panel  of  the  desk  control  board  deals  only  with  the 
Ingh-voltage  circuits  of  the  transformers,  the  low-voltage  circuits  being  dealt 
with  on  the  low-voltage  ^.  c.  board  (see  Figs.  535  and  545).  The  transformers  t 
are  three  separate  single-phase  transformers  with  their  high-voltage  coils 
connected  in  delta  (^),  and  the  panel  is  concerned  only  with  their  connec- 
tions to  the  high-voltage  busbars.  As  in  the  last  case,  it  must  be  remem- 
bered that  the  energy  is  flowing  from  the  busbars  to  the  transformers. 
The  current  transformers  t,  for  the  instruments  are,  as  in  the  other  cases, 
placed  between  the  busbars  and  the  main  oil  switch,  but  the  potential 
tranafornierb     have  iLcir  primaries  connected  directly  to  the  busbars  in- 
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4cad  of  to  tlie  main  U  ads.    The  scrnndarifs  of  thrsc  transformors  frp<1  thr 
volt  circuits  of  the  instnnncnts  as  in  tlir  othrr  y.m  U,  and  in  .tdditi.m 
he  froqiirncy  indicator  F  is  connected  across  one  of  their  phase-,  thus 
llowing  the  "freciurncy  of  the  currents  on  the  busbars  whenever  they  arc 
hvc.    A  kakase  indicator  (i.i.)  i-  hIm)  shown  in  thr  .li.ii;rani  with  its 
.  ircuits  connected  to  the  busbars  thiuu^li  fuses,  the  othi  r  -idc  b.  iiif;  con- 
nected to  the  earth  bar.  to  which  the  neutral  points  of  the  secondaries  of 
,11  tlie  instrument  transformers  are  joined,  thus  ensuring  tfiat  tl>e  absolute 
potential  of  all  these  circuits  shall  be  low,  and  securing  the  p«  rsnnal  safety 
of  the  operator.    It  may  bo  noted  that  two  sets  of  tliree  ph.i-e  leads,  one  of 
which  is  at  60  volts  and  the  other  at  350  volts,  proceeil  from  the  secondaries 
of  the  large  transformers  T ;  the  reasons  for  this  arc  given  in  the  description 
nf  the  A.  c.  regulating  board  on  page  542. 

Electrical  Co«<ro/.— Where  the  main  switches  arc  ojx^rated  by  electric 
motors  or  long-throw  solenoid  magnets  energised  by  currents  v.ho-e  cir(  nits 
ire  opened  or  closed  at  the  control  board  there  is  no  linnt,  except  that  of 
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convenience,  in  t»gard  to  the  relative  positions  of  the  control  board  and  the 

switches. 

In  this  connection  it  will  be  convenient  to  set  forth  first  the  general 
arrangement  of  a  modern  power  house  in  which  su.  h  n mote  control  is 
employed.  For  this  purpose  Fig.  550  shows  in  the  barest  outlme  the  general 
floor  plan  of  No.  2  station  at  Niagara,  which  has  been  more  fully  referred  to 
elsewhere  (see  page  492).  It  will  l)e  seen  that  the  eleven  large  generators  are 
arranged  in  a  single  row  down  one  side  of  the  station,  and  that  the  remote 
control  switchboard  occupies  a  central  position  on  the  other  side.  The  swit(  h 
board  is  flanked  on  either  side  by  the  oil  switches,  and  a  subway  runs  the 
whole  length  of  the  station  for  the  necessary  connections,  cables,  circuits, 
etc.  The  switchboard  itself  is  on  a  gallery,  and  its  general  apjxarance  and 
arrangement  can  be  inferred  from  Fig.  551.  which  shows  it  in  elevation. 
The  panelled  chambers  below  the  gallery  contain  the  recording  instruments 
and  other  apparatus.  In  the  middle  of  the  board  are  two  interconnector 
panels  i  for  linking  together  or  separating  the  sets  of  busbars  which 
are  indicated  by  horizontal  lines.  The  instruments  on  these  panels  are 
ammeters  only.  The  interconnector  panels  are  flanked  on  the  right  by  six 
generator  panels  g,.  and  on  the  left  by  five  generator  panels  g,  ;  each  panel 
carries,  besides  the  switclcs,  two  ammeters,  two  voltmeters,  two  watt- 
meters, and  a  field  ammeter.   It  should  be  noted  liere  that  the  system  is  a 
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t\v()-i)ha5e  one.    On  the  right  of  the  gencni'  ir 

Is  is  the  (    iter  panel  e,  the  lx)ard  beii 
coinpk  ted  by  twelve  feeder  pancis  F,  on  the  ripht, 
and  ten  similar  panels  F,  on  the  left.  Each  feer!.  r 
panel  carries  t  wo  ammeters  ami  two  wattmcti 
and  on  each  of  the  eleven  generator  pan.  is 
am  I  the  twenty-two  leetkr  panels  there  is  a 
time-limit  relay. 
I       It  wiQ  be  understood  from  the  above  tii  x 
\  the  actual  positions  of  the  various  main  sections 
.  of  the  apparatus  may  be  arranged  as  may  k> 
\  most  convenient  to  the  particular  circumstanrrs 
:  of  the  site  or  building.    In  the  example  ju  \ 
\   yiven  they  are  all  in  one  room,  but  this  is  m  t 
i  tssential,  and  in  some  modem  stations  the 
I   control  board  is  in  a  room  or  even  a  buildinj^ 
:   (juite  separate  from  that  which  contains  tlir 
generators.    It  is,  however,  obvious  that  the 
main  switches  carrying  full  load  currents  are 
■  most  conveniently  placed  near  the  generators, 
and  the  outgoing  feeders. 

The  Niagara  switchboard  had  its  control 
switches  and  instruments  arranged  on  vertical 
paiiek,  imt  the  "desk"  type  adopted  for  the 
"  Northampton  "  board  (Fig.  547)  is  widely  used, 
and  .mother  example  of  it  is  therefore  shown  in 
^'g-  552.  which  depicts  a  twenty-panel  board 
manufactured  by  the  British  Westinghouse 
Elertric  and  Manufacturing  Company,  and  erected 
at  the  Bahia  Blanca  Power  Station.  It  controls 
five  1,000 -kilowatt  steam  •''riven  alternators 
generating  three-phase  curreii.  at  6,600  volts, 
and  50  CO.  Counting  from  right  to  left  the 
board  consists  of  five  generator  panels,  one 
interconnector  panel,  two  transfonr."  panels, 
and  twelve  feeder  panels.  Each  pai.oi  carries 
its  own  special  instruments,  lamps,  etc.,  the 
instruments  mounted  at  the  back  being  common 
to  more  than  one  panel. 

A  diagrammatic  elevation  of  one  of  the 
generator  panels  is  given  in  Fig.  553,  and  a 
I  roots-bectiuii  of  the  board  at  one  of  these  p"Jiels 
is  given  in  Fig.  554.   In  the  elevation  (Fig.  553) 


A  WKTimtmosB  Omsk  Comtkol  SwiTtHaoAto 


SSS 


to  the  hiyli-voltayo 


tlic  small  rcctanRle  at  the  top  represent*  the  low  vertical  Kirk.  «'arr>-inK  only 
the  pilot  lamps  in  two  pairs  K.loural  bhie  and  <ir.ui-c  i.  -p. ,  tiv.  lv.  These 
lamps  are  connected  tliruugh  instrunicnt  tr.m 
tmsbars,    of  which 
tlicre  are  two  si'ts.  one 
pair  being  connerteil 
in  parallel  to  each  set 
iiid  two  lamps  Wing 
iiseil  to  guard  against 
breakages  of  the  hhi- 
ment  or  other  causes 
of  failure. 

The   middle  rert- 
anglc  shows  the  jM)si- 
tions  of  the  apparatus 
on  the  sloping  part  ci 
the  desk.    The  three 
measuring  instruments 
are  an  ammeter  A,  a 
wattmeter  w,  and  a 
power  factor  indicator 
V  F.    Below  the  in- 
struments  are  three 
indicating  lamps  show- 
iuf,'   red,   green,  and 
white  respectively.  The 
red  lamp  lights  when 
the   main  switch  is 
dosed,  the  green  lamp 
lights  when  the  switch 
trips  automatically, 
and  the  white  lamp 
lights  when  tJie  switch 
is  altogether  oat  <rf 
circuit. 

At  the  front  of  the 
desk  below  the  three 
lamps  is  the  levers  of 
the  small  control 
switch  which  operates  th'^  distant 


main  switch  of  the  generator.  The 


connections  are  made  on  a  sn>all  cylindric  controller,  simtlar  to  the  large 
controllers  used  for  other  purposes,  placed  b^low  the  surface  of  he  desk 
as  shown  in  Fig.  554.  the  oU  switch  controlled  bemg  of  the  tyi>e  fully  desc.ibi.d 
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on  pa|,'i>  570.  The  roiitiolli  r  has  thn  i-  positions  ;  ;i  niovt  iii< nt  of  the-  U-v,  r 
to  the  left  ( Ids.  s  tlie  cin  lilt  ol  the  "  (losiriK'  roil  "  (l"i^r.  51,7),  ami  the  switi  I, 
(loses  ;  simultaii.  oiisly  the  red  liuup  ua  tUv  desk  iigbti.    li  the  kver  bt- 
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now  released  it  springs  back  to  the  "off"  position  and  nothing  liappens. 
On  niovinf,'  the  lev.-r  to  tin-  rii^ht  the  circuit  of  tho  tripping  or  "opening 
coil  "  (Fig.  5()7)  is  chised,  tiic  tripping  inechanisni  operates  and  the  switch 
o|x;iis.  Tiiis  coil  is  also  excited  in  the  event  of  an  overload  occurring  or 
if  it  be  attempted  to  dose  the  main  switch  against  an  overload. 
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The  front  of  th.>  .U-k  carri.-s  at  tlx-  t..p  a  small  .U.ul.K  l...l.' 
throw  switch  which  tal  .s  tlu-  pi....-  ut  .ymhronWng  rweptacU*  In  otter 
pattern*  ol  boards.    As  aln  a.ly  .  xpla...- .1  tli, -  a.-  two  ,ct.  of  b«>ba„. 
or  .ynchr..ni>inK  pur|>«M^  »-ad»  has  its  own  .n>trun..  nts.  wh.rh  .an  U- 
n  ^Fi«  55-'  mounted  at  the  top  of  the  board.   ThcM-  ....tr.nn.  nt,  fro.n 
U.ft  t..  ri^^l.t  ar..  (i  )  .i  b.i^l.ar  volt.not.  r.  (ii.)  a  synchroscoj*  mclu.l.ng  two 
'ynchronbins  lamps,  (ui )  a  tr-  .,m  n.  y  n..  t.  r  and  (iv.)  an  inrom.nR  vol.meler. 
the  first  three  being  then  ,lupli.  .a..|  lor  tl,r  -.von,!       of  husba,^  Tl.- 
"all  switch  rrferred  to  above  is  to  enable  the  o,H.r..l...  to  syn.  tno,„.e 
i.is  in(  oming  generator  with  either  set  of  busbars. 

sLihi  small  switch...  ..p,..  ar  at  the  top  of  the  (....ler  pands  where  they 
are  noT required  for  synchronising.  I  he  switches  there  are  u^f  for  throwing 
Z^r  thelressure  colls  of  the  indkatlng  wattmeter,  on  these  panels  from 
uiic  -.<t  of  bn-«bars  to  the  other.  *t.    „  „ 

Returning  to  the  generator  panel  (iMg.  we  have  below  he  n.  P^ 
switch  an  Integrating  wattmeter  or  energy  nu  ter  i  w,  and  N  low  th.^ 
a  versTener^  relay  R.  which  wiU  trip  the  mam  switch  il  the  generator 
to  act  aJa  motor.  On  the  right  and  left  of  the  energy  meter  there 
are  a  voltmeter  receptacle  v  and  an  engine  governor  sw.t.  h  E  _ 
On  the  feeder  panels  the  single  instrument  on  the  s1u,k^  of  the  de^k  is 
a  wattmeter,  and  the  instrument  at  the  bottom  of  the  vc„u..l  l.o.u  ,s  an 
„v.  rloa,l  time-limit  elay.  In  addition  an  energy  meter  is  mounted  on  the 
front  of  the  lifth,  and  another  on  the  front  of  the  sixth  panel 

At  the  end  of  the  tw.-lve  feeder  panels  there  ar-  two  transfornn  r  panels 
which  call  for  no  special  remark,  and  between  them  and  the  hrst  gem  rator 
panel  there  is  an  intercomtector  panel  for  connecting  together  or  for  dis- 
connecting from  one  another  the  two  Mts  of  busbars.  ^.      ,  , 

Fcrranti  Htgh-Voltage  RcmoU-Control  B,..,ri.-Mr.  Ferranti.  who  has 
.lone  so  much  in  other  directions  for  the  developnunt  ot  ."leciru  al  .  ngm- 
..orinL'  has  been  a  pioneer  in  the  d.-v.-lopment  of  switchU.ards,  esi>ecially 
for  high-voltage  work.    The  lea.hng  principle,  which  he  has  msisted  upon 
from  the  commencement,  has  been  the  isolation  ol  ev,  rv  p,u  t  m  the 
switchboard  in  separate  cells  wherever  there  are  high-voltage  curren  s. 
The  separation  for  the  highest  voltages  is  made  by  means  of  brick  walls 
and  concrete  tl<K,rs  and  sides  to  tl,e  vari.n,^  celK  in  whi.  h  the  ditferent 
parts  of  the  apparatus  are  assembled,  these  cells  Ihii.^;  close.l  in  fnmt  by 
Jemovable  iron  or  other  screens.    Only  low  volta,.  circuits  from  the 
instrument  transformers  and  the  low-voltage  circuits  for  energising  the 
operating  magnets  of  the  large  oil  switches  are  on  the  operating  board,  s., 
tL  the  operator  is  in  no  danger  of  con.nig  directly  n  o  ,ont act  h 
}.:..,.  ,.„ua-   .-irenits.    As  a  further  protection  all  iiu  t  .1  parts  ot  the 
oSating  board  wliich  are  not  in  circuit  are  carefully  earthed. 

Another  principle  insisted  upon  is  that  the  back  of  the  operatmg  board 
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shall  not  W  close  up  against  a  wall,  making  it  ditTicult,  if  not  iinpossiM 
to  git  ut  tlie  connections  for  inspection  and  repairs  without  taking  down 
the  board.   Mr.  Ferranti  has  always  insisted  that  the  switchboards  shouM 


Fig-  SJJ— Vertical  SKtion  of      Fcmna  Hifh-Voltag*  SwbchboMd. 


be  "  backless  "  and  that  there  should  be  ample  space  behind  for  working 
safely  there  under  all  possible  contingencies.  For  many  years  now  all 
first-class  boards  have  been  constructed  on  this  p:  nle. 
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A-  an  example  of  one  of  the  i,ite-~t  patterns  of  liiKh-voltage  alternate 
\irrcnt  >\vitclilxiard>  we  shall  now  desrrilje  in  iL  tail  the  Ferranti  Imanl 
erected  at  the  St.  Andrew's  Cross  >lation  of  the  (.1.i-l;(.\v  ("orponiticii  tdi 
ihe  control  of  six  thrcc-pha>e  turbtj-generators  ea<  li  ot  3,ikki  kilowatts 
(lUtpnt  at  6.500  volts  and  25  periods  per  second.  The  exciter  for  eaeh 
uem  rator  is  mounted  on  the  turbine  ^hatt,  the  cmn  iit  -upplird  to  the  t;.  Id 
;nagnets  ot  the  alternator  being  controlled  by  a  vaiiabh'  lesistaiuf  ni  the 
tield  circuit  oi  the  exciter  adjusted  at  the  switchboard.    The  operator  has 


lurthcr  to  dircc  t  the  current  to  eighteen  feeders  and  to  two  inter-connector 
circuits  which  are  operated  from  the  board. 

With  these  objects  to  be  attained  the  board  d. -igned  is  shnwti  in  ci>i-s- 
sectional  elevation  in  Fig.  555-  and  in  Iront  elevation  in  Fig.  556,  with 
certain  details  inserted  diagrammatically.  The  board  is  in  three  storeys 
supported  by  two  main  and  one  interni(  diate  vertii  al  wall-  with  i  n>~s 
floors  for  the  different  galleries.  The  main  wall  on  the  enf^iiie  r(H.m  -i.!.; 
carries  the  operating  gallery  G,  Fig.  555.  on  brackets,  at  the  second  storey 
level,  and  the  intermediate  wall  canii-  the  main  oil-switches  on  the  first 
floor,  and  the  various  instrument  translormirs,  busbars,  etc.  The  board 
is  50  feet  wide  between  the  vertical  walls  in  Fig.  556. 
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As  there  are  six  generators,  eighteen  feeders,  and  two  interconnectoi 
the  board  is  divided  into  twenty-six  panels,  thirteen  on  the  front  ai  • 
thirtcfn  on  the  back.  The  Iw-bars  li  h,  I'ii;.  555.  Ho  at  the  hac  k  and  ii 
front  of  the  intermediate  wall,  and  are  in  two  sets,  wliitli  can  be  juin, 
together  by  the  connector  switches  c  c  at  the  ends.  The  six  general. 
panels  are  in  the  centre,  three  (Fig.  556)  on  each  side  of  tlu-  wall,  antl  ii 

rriuaining  twuiii 
panels   are  in 
flanking  seib 
five  each. 

The  appi  aram 
of  one  iide  of  th' 
lowest  or  groun.l 
lloor  galler'"  i 
>lio\\n  in  Fig.  557 
Tiie  busbars  them- 
selves are  enclosed 
in  chambers  which 
are  ilhistratcd  in 
55S.  and  are 
placed  in  a  galler\' 
trom  which  acce>v 
can  be  had  to 
them  when  neces- 
sary through  the 
iron  doors  shov\-n 
at  intervals,  the 
doors  being  oppq- 
site  the  insulators 
which  are  carrying 
the  bars. 

Turning  now  to 
the  vertical  section 

55;.— Loww  Switch  Gallery  of  Ihe  Ferranii  High-Voltage  Switchboaid.       (F'g-  555)'  the  best 

plan   will    be  to 

track  out  the  course  of  the  current  coming  into  one  of  the  generator 
panels  from  the  bottom  upwards.    The  three-core  cable  from  the  generator 

is  brought  first  into  the  lower  cell  a  of  tlie  -witchl  oaid  to  a  trilurcating 
head  R  at  which  the  three  cores  are  separated  fioni  one  another  and 
pursue  their  paths  throuj^li  the  board  as  three  single  cable-  Immediately 
above  the  trifurcating  cell,  and  separated  from  it  by  a  horizontal  concrete 
or  other  insulating  slab,  cell>  are  jjrovided  for  the  voltmeter  trans- 
formers and  for  the  series  transformers  for  the  ammeters  on  the  operating 
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l«)anl.  Tlu  re  arc  siparatc  cells  (or  each  typ'.  the  voltmeter  transformers 
hi  in,!,'  in  the  lower  compartment  (/,).  ami  the  series  traii-lui im  rs  in  the 
iipp.  r  <  iMiip  ntmriit  (/,).  The  secondaries  from  the  series  tran^lornter;;  are 
1  ,k.  11  1<)  a  tuininal  bnanl,  and  the  whole  of  the  secondary  lead-  fur  a 
iu-1.'  j^rnirator  are  carried  by  a  sih  i  i.iUv  d.-ii;n.d  h,\\  inr-^uic  ■  iMr  to 
ihe  operatinj;  Imard.  Thu;-,  for  measiirinf;  i>\iriH)ses  tiie  volini.  t.  r  lur- 
inits  and  the  ammeter  currents  which  leave  these  cells  are  passed  »)n  to 
ilie  operating  board  at  a  low  voltage. 


f  in.  55».— Boitaii-  GallCTy  of  the  Fntanti  High  Voluge  Swhchboud. 

The  main  U  a.l  ■  im--  up  int..  a  lar^;ecell  S  above  (I-iu'.  555).  onuaininK 
il,e  main  >witclu >,  Irom  which  they  pass  to  a  little  c.mipai tnu  nt  .s  above 
in  the  ^anie  j^alK ry  and  containini,'  the  selector  switches.  There  is  thus 
minute  subdivision",  both  Imri/ontal  an.l  v.atical,  at  .  a.  h  -t,  ,,,  even  the 
selector  switches  being  in  a  sub  c.  ll,  as  it  w.  re,  by  tl,rn.M  lve>  l-rom 
these  the  current  can  H-  directed  either  to  the  ba.  k  bu-bats  .,1  tlx  li.'i.l 
bn-b  ns  Thr  M  l.rtor  -witdu  s  are  not  opened  or  clo>ed  lr..m  the  op.  r- 
atinu  board  at  all,  an.l  an  „,  v.  r  to  be  touche.1  except  when  the  swit.  h 
is  dead.  They  are  knil.'  ^^vit.  h.  op,  r,,t..l  with  a  Uv'  i-I.',  bvuhu  h  tl..  v 
can  lie  opened  or  tlo.ed.    ALCordmg  to  the  sclettur  .vvUch  u>cd  the  cm- 
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n  iif  pas^(";  to  the  front  busbars  or  the  ba(  k  busbars  b  b,  cadi  bti^b  > 
bt  iiit,'  ill  a  separate  nil  as  already  described.  Tlie  tlirei?  Inishars  <  aiiin  i 
sparic  t(i  (iiic  aiiotlicr,  tlie  partitions  l>et\veen  Ihcin  beinfj  botii  liorizoiit  1 
and  vertical;  the  appearance  of  the  busbar  gallery  is  shown  in  Fig.  55 > 
which  is  reproduced  from  a  photograph. 

In  the  rciitic  of  tlio  board  above  the  busbars  tlierc  are  spi  (  ial  iclK  \ 
FiK-  55^>.  rontaining  cut-outs  for  electrostatic  voltmeters,  the  wires  froi.: 
these  cells  i)assing  hrst  to  selector  switches  above,  and  then  direct  to  tli< 
electrostatic  station  voltmeters  fixed  on  the  wall  b.  liiiid,  but  not  on  tin 
operating  l)oaid  (,sr<-  big.  559).  These  voltmeters  therefore  measure  th. 
voltage  of  the  busbars. 

At  either  end  the  busbars  turn  at  right  angles  and  pass  to  isolating 
switches  similar  to  tho  e  previously  described,  but  interposed  between 
the  busbars  and  the  connector  switches  by  which  the  two  sets  of  busbars 
can  Ih;  joined  in  parallel  when  so  rc(juired. 

The  other  half-section  on  the  right  in  Fig.  555  shows  the  outgoing 
feeders.  Starting  from  the  top  just  below  the  busbars  there  are  isolating 
links  or  switches  »  i  which  act  as  selector  switches  to  dim  t  the  current 
from  either  ,-.et  of  busbars  to  a  particular  feeder.  Below  the  selector 
switches  is  the  switch  proper,  that  is  the  feeder  switch  f.  an  oil  switch 
similar  to  the  generator  switch,  and  opened  and  closed  from  the  operat- 
ing lK)ard.  Having  passed  through  that,  if  it  be  closed  the  current  passes 
down  to  the  current  transformers  c,  and  the  potential  transformers  f>, 
which  are  installed  in  a  little  cell  by  themselves  on  the  other  wall. 

Immediately  below  the  transformer  range  (?,cc  also  Fig.  556),  are  isolating 
switches,  and  in  the  compartment  below  the  static  dischargers.  The  static 
dischargers  arc  to  prevent  any  surge  < oming  in  from  lightning  or  thunder 
storms,  or  other  disturbances.  Finally,  in  the  lowest  compartment  of  all 
are  the  cable  receivers  r  r  r,  Fig.  556,  which  gather  up  the  leads  to  the 
cable  head  from  which  they  go  out  to  the  sub-stations  on  a  three-phase 
cable.  There  are,  as  already  explained,  eighteen  of  these  feeder  runs  on 
the  board  ;  the  remaining  two  sections  contain  the  switches  and  auxiliary 
apparatus  for  the  inter-coimcctors  of  this  -tation  with  other  station^. 

The  front  of  the  oper;iting  board  is  shown  in  Fig.  559,  obtained  from  a 
]>botograpli  taken  belorc  the  board  was  quite  completed,  and  showing  some 
unlilled  blanks.  On  the  near  end  four  feeder  panels  are  chiefly  con- 
spicuous, the  generator  panels  being  in  the  middle.  The  iron  pe>'..  tal 
immediately  in  front  of  each  generator  panel  supjH.rts  a  hand  wheel  for 
working  the  exciter  rheostat  of  the  generator.  The  rheostat  .x,  Fig.  555, 
is  a  low-voltage  rheostat,  and  is  suspended  just  below  the  column  from 
the  under-side  of  the  jilatlonn.  The  gears  of  the  six  rlie.,^tats  are  so  con- 
nected one  with  the  other  that  by  working  one  of  the  handles  the  exciting 
currents  for  the  whole  station  can  be  increased  or  diminished.   Thus  if  it 
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I'.'  (U-iiahlo  to  v.ii-c  or  lower  tin-  excitation  of  ilie  wlioli'  elation  it  (  an 
\»-  (Vnw  by  working  one  liamlle  onlv.  If,  liowever,  it  i-  iie-ned  to  ,ilter 
the  voltiiKo  of  a  single  niacliine  onlv,  the  eonneitini;  geaiini;  ,aii  be 
ihrown  out  anil  that  rheo>tat  worki-il  by  itst-lf.  At  the  ba>e  ol  the  ixdrstal 
I  here  is  a  double-pole  throw-over  switch  with  non-imlurtivc  resistance 
on  the  exciter  circuit. 


rig.  559.— O^K;r.iliiv  lioard  uf  the  FiTraiui  Iliijh-Vollagc  bwili  hli-ui  !. 

On  tho  vortiial  panel,  which  is  2  feet  wide,  the  three  instruments  at  the 
bottom  an  tlic  reverse  current  or,  more  properly  speaking,  tho  reverse 
meigy  relays  worked  by  the  low-volt.ige  currents  of  the  in~trunient 
transfornurs.  \bove  these  is  the  hand  wheel  of  the  niaiu  switih,  the 
operation  of  w  ch  will  be  describiHl  presently  (see  page  567),  and  imme- 
diately above  it  the  recei)taeies  for  tin;  voltmeter  swileh  and  for  the 
synchronising  connections.  Tluu  come  the  pilot  lamps,  showing  whether 
the  switch  is  open  or  closed,  and  higher  up  arc  the  generator  measuring 
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instruments,  consistinf^  of  one  anumttr  and  oni-  voltnu  tcr,  flio  Vdltnicdr 
iiading  up  to  10,000  volt-^  and  the  ainnuttT  to  5(ju  ainiHii>  ;  tlicre 
alr^o  a  fKnvcr-lactor  iiuliratcr  and  a  iK'fli'ctional  wattintter,  the  wattiiK  iM 
reading  up  to  4,000  watts.  All  tliisc  instruments  arc,  of  course,  workcil  hy 
low-voltagr  currents  frt>m  tlic  sfcondaries  of  the  instniment  transfornici- 
ii  l(  ir(  (l  t(i  al)ii\c.  Lastly  llu  i'i-  is  a  t'u  ld  ainiin  lcr  ami  a  lii  Id  vultnu  tir 
wliii  li  an-  iij;lit  in  front  o!  the  operator  as  he  manipulates  tlie  hand  wlinl 
of  the  exciter  rheostat. 

Of  course  the  generator  instruments  arc  on  the  generator  side  (jf  \\\, 
switch,  the  station  voltmeters  «m  the  back  wall  being  on  the  Imshar  si.lc. 
The  cohnniis  on  the  fr<int  of  the  t;alli  ly  are  ship's  telegraphs  for  signalling 
to  the  engini'ers  in  charge  of  tho  engines. 

The  feeder  panels  shown  on  the  right  of  Fig.  550.  are  (luite  siiiiiiK 
llri^imiiiiL;  at  tlii'  top  tliirc  is  l'ii>t  an  antnicter  u]ion  one  jilia-'C  ol  ilic 
KrdiTonly,  tlirii  an  eiuii^y  nutcr,  below  wliieh  are  the  pilot  signal^ 
and  the  hand  wlu  rl  for  the  main  switch.  At  the  bottom  there  is  a  three- 
jiole  overload  relay,  t)no  ix)le  ujwn  each  feeder,  so  that  if  any  pha-i 
of  the  feeder  gets  oviT-loaded  the  switch  is  automatieally  opemd.  1  In 
eireiiits  of  this  ovi'rload  relay,  and  of  theotlicr  instruments  are  of  course 
taken  from  the  secondaries  of  the  instrument  transformers. 

The  two  panels  between  the  feeder  panels  and  the  generator  panels 
are  two  intir-iouui  ctor  panels.  Tlu  y  contain  tin-  neics^ary  switi  Ik  s.  in- 
struments and  syni  hroni>ing  ajiparatus  lor  connecting  up  with  the  other 
stations  on  the  system.  The  busbar  couplers  are  on  a  panel  just  below 
the  voltmeter  brackets;  it  carries  only  the  ojx'ratint,'  wheels  ami  jiilot 
lamps  for  the  two  switches.  The  sjnehronising  voltmeters  and  syneliro- 
sKipes  are  mf)unte(l  on  swinging  brackets,  so  that  they  may  be  turned 
towards  the  operator  when  re(iuired. 

The  ajipearance  of  the  back  of  the  operating  board  is  given  in  I'ig.  560, 
which  >li()\\s,  in  the  order  iK'.nied.  the  four-feeder  ]>anr1>,  the  two  iiiier- 
connet  tor  panels,  and  the  three  generat(;v  panels,  whi(  h  aie  shown  at  the 
near  end  of  the  board  in  Fig.  559 ;  it  is  not  possible,  and  would  sei-ve 
no  useful  purpose,  to  follow  out  the  details  of  tli  e  wii'ing  '-hown  in  the  tij.;nve, 
but  it  is  of  interest  to  note  that  Mr.  I'c  r'anti  biini;s  the  luw-jives^ure  lends 
fruni  the  instrmnent  transftirmers  of  caih  section  of  the  huai  '  to  the  operating 
board  by  conductors  carried  in  a  single  cable  specially  designed  for  the  par- 
ticular set  of  leads,  instead  of  nmning  separate  wires  for  each  of  those  leads. 
The  ojH'ration  of  wiring  is  tl;i;-.  siniplilied,  minimising  the  risk  of  I'rror. 

Although,  however,  it  is  unnecessary  to  go  through  the  details  of  the 
wiring  a  brief  description  f)f  the  method  of  operating  the  main  switch  and 
of  the  operating  circuits  will  be  of  interi-st  and  is  inqnirtant.  Of  the  two 
chief  methcKls  oi  working  large  switches  by  electric  remote  control.  .Mr. 
Fcrranti  has  adoi)ted  the  solenoid  method.    The  switch  used  will  be  described 
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uro^HUlv  (sr.-  pace  'ifi?) :  the  conmTtU.ns  ot  tlu  .  ..nt.,.1  .u.uit  ,n.>  t;iv.  u 
'    ri  Tlu  nmtim,o„s  current  for  «orkin«  tlu-  .^vi..  h  ol,.,unnl 

hatt.TV.    At    th,.  iHHira  tlu-  n.tl.n.l  -.1  op,,.ition       to  tmn 
lum.l   wheel  as  tar  as  pu^Mhle  u,  tlu-  n.h.-h.n„l 
,vi„.ls  „p  a  spring.,  and  nothing  uutlur  han- !"->  'I'-"-  j  '  . 

,  „„■  h  nul  vvh.vl  tl„  v,.  is  a  barrel  hke  the  barrel  ut  a  .yhu.hu  .out  nlU 
.„  n.otors,  but  nuuh  >i.npler,  carryi.i«  ..uly  the  four  vertical  hands  shown 


rig.  5«o.-Back  of  the  Opfrating  Bo«<l  of  tbe  Feiraiui  High-V..  i.      Sv.ii.  I.!  .  . u.l 

,1  r  in  Yv  5f,i.  ;,n.l  niakiiii:  .'ontact  in  ortaiti  pu-iti-iis  with  the  Ua.ls 
upuoMtc  them  slu.wit  by  tlu:  hue  lines.  As  tl.r  IkulI  wl,. .  1  is  n  vnlv.-.l  the 
controller  cvUnder  is  kept  from  rotatinf;  by  a  lahli-i.arul  ih.'  ..mi  irt^ 
r.  iiuiin  .iiH  U.  A^Min.ii.^  that  a  generator  is  to  W  thrown  int..  ur<  uit 
the  syiuhroni>inL;  ai.iKu.ilu>  is,  of  course,  bein^;  used,  ami  when  the  syn- 
chronising monuut  oMu.>,  by  tuu.hing  a  button  the  ratchet  is  released 
aiul  the  controller  cylinder  revolves. 

Rini;  if  (l"i^.  5f>i)  of  the  controller  is  then  connected  throuph  the  luso 
F  to  the  [lOMtivc  tmninal  ol  the  battery,  an.l  thiou^h  the  liiiK  h  the  runent 
is  pus^,cd  through  a  re.-istan.v  k  to  the  o^h mtuig  .  ..il  u  ol  the  swit.  h  sol.  iuud. 
thus  closing  the  switch.   The  resistance  d.  is  a  non-inductive  resistance 
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briflged  across  the  sol.-noi.l  to  ,lis.         its  nu      wh,  „  the  circuit  is  opened 

111.;  nrnnt  h  cm  pl,  t.a  Oauyv^h  tUc  Uv  „t,ull.r  contacts  c  and  on 

tlic  iiKht  through  .mutlu-r  lu.-o  t..  tin-  iu'f,'ati\v  p,,!,-  „f  tlic  l)att.  rv  Tim 
wwon  the  controller  barrel  is  released  the  ..p.  rating  .  oil  „     . .  iv.  ."  cum  ,„ 
and  the  swit.  1.  ,s  closr.l.    (),,  bcint,'  cl,,s.,i  (i„-  .^it.  h  i.  h,  l,l  ,         i,,  ,' 
catch  which  must  he  released  or  "  tripped  "  before  the  switch  can  be  opened 
In  the  last  position  of  the  controller  barrel  at  the  end  of  its  rotation  the 

Conta(  ts  aiv  aL,'ain  ojioiied  and  the 
solenoid  ()  IS  kit  inert. 

The  rest  of  the  circuits  are  for 
the  triiijiinf,'  coil.    Vu^t  ,,|  th,. 
negative  polo  of  the  ball,  ly  i>  con- 
nected to  a  three-way  ^^witch  P„, 
through  the  fuses  u  anil  the  lamps 
That  switch  is  placed  in  the  "  off " 
position  wh.n  the  main  -witch  is 
open  and  in  the  "  on  "  position  when 
the  main  switch  is  closed.  When  the 
switcii  is  "  on  "  (main  switch  closecl) 
the  tripping  coil  marked  t,  shunted 
with  its  discharge  resistance  u„,  can 
l)e  put  into  circuit  at  any  of  the 
points  R,,  Kj,  R,,  or  i',.    At  r,,  k„ 
and   !(,,   are   the   ovcrKjail  relays, 
worked  l)y  the   currents   in  each 
phase  respectively.    When  an  ex- 
cessive current  is  developed  on  any 
phase,  the  relay  operates  and  closes 
'''*fl:""«r„«SHe««,»«,,r,o«»l'Si?'?l"'"»"«  sending  a  current 

<XHIN  SWITCH  ,s  ci.oato  IV^'"-    throUL'h      the      frinnintr  ,-r.iI 

it-n>sn MUTTON ro*»tLt»tMoawiTcii  ^wjlfc,.      """"f,"     luc     irippmg  'rou, 

releasing  the  catch,  and  opening 
the  iiiain  switch.  The  fourth 
point  ?!  represents  a  press  button 
on  the  other  side  of  the  hand 
vvheel  on  the  operatint;  board 
which  .'hen  pressed  trips  tlu'  catch  and  op.  ns  the  switch  from  the 
swil.''  II,],  This  main  switch  therefore,  by  the  action  of  the  relays, 
acts  aa  tomatic  circuit  breaker.  The  lamps  l,  I-ig.  561,  are  tlie  pilot 
lamps  on  tiie  operating  panel,  and  according  to  the  position  of  one 
or  other,  but  not  both.  li,!.'lits. 

It  might  be  well  Jicre  to  point  out  what  are  the  requirements  of  such 
operations  as  we  have  just  been  describmg.  Rapid  action  at  the  main 
switch  IS  essential,  and  that  rapid  action  should  be  independent  of  the 
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Oil  SwiTCHKS  S*7 

rM.nality  and  ulio^vnrrasios  of  the  nprator.  It  is  wi-H  known  how 
Mv.rn^  some  people  arc  at  .  riti.al  in.mH  iit,,  .m.\  -u.  h  tmist  <KCur  wh.'U 
AnchronisinR  a  Uufif  alt.  rnatur,  aii-l  .^iKually  vvl..u  m-t  thr  i>uinl 
•hn.winR  it  into  rirciiit.  Thus  Uu-  arranut mrnt.  what. at  ii  i  .  imiM  I..- 
1,  ,„„,l,.nt  of  tlir  up-  iator;  when  \\y  has  mad.'  hi^  Imal  tuii.  h  ami  >tailoa 
M,c  mov.i.unt,  (Aviythiiifi  mu^t  j;o  thrn,mh  its  ,.nMrrai,«r.l  rourse  at 
the  nrearran„'o<l  rate,  with  no  .  lian.c  ol  intii  i.nwf. 

Slow  bnakins  is  especially  to  Ih-  avoi.U-.l.  Invaus.  il  th.'  -uit.  1.  lianas 
,h,  .v  may  be  a  v.n  clanReroiis  are.  Thus  in  ti.e  rxaniple  ju^t  pv.  i.  the 
.nov.  nioilt  of   111.-   I'.'ii.l  wluvl  xviiLls  ii,.  a  -piifL;.  whi.  h.  v\h-n  h  t  go. 

vulws  the  controller  barrel, ami  the  n.i, trailer  .,..,taet>,  at  a  .1,  lui.te 
\  ,l,shn„t  attache*!  to  the  barrel       -  >'"•  hi'  akiiii;  jn-^t  n,  .  .-.,„y  lur  the 
,.!,  n,.ia  ..l.rtn.-inaL;ii.  t  tolniill  an,l  do  its  work  befoiv  the  operating  eireuits 
aie  Ihially  <.p«  >u'd  a^ain  on  tiie  (cmpletion  of  the  cycle  of  oiM-rations. 

Oil  Switches.— It  was  on-iiiallv  intnwl.il  to  .<m.  hide  this  chapter 
vsith  a  fiiirly  complete  account  of  the  leading  tyiKs  of  swilelK>.  rela\s, 
,„d  .  iicuit  breakers  used  in  larpe  switchboanis.  the  measurinR  instruments 
l„  uv'  .leak  with  in  a  >.  parate  .  haptrf.  Con-id.  lati.ms  ..f  -pa.e  will  not. 
however.aUow  this  plan  to  Ik;  canie.l  into  cffeet,  but.  as  the  xwM  inlere>tinK 
of  this  class  of  apparatus,  some  reference  will  W  made  t.)  the  large  ()il 
M\it.     <  win.  h  pla\  Mirh  an  important  part  in  modern  high-voltage  work. 

riu  daiiKerous  an.l  p  rMst.  nt  arc  which  may  Ix;  formed  when  a  high- 
voltage  circuit  is  opened  in  air  very  early  le.l  to  si>eeial  d.  vices  bemg  in- 
v.„(e.l  to  deal  with  the  difficulty.  One  of  the  earliest  of  thoe  consi>ted 
i„  making  the  break  excessively  long,  say  four  feet  and  upwards.  It  was, 
however  known  that  if  an  arc  were  .triu  k  in  iiisnlatmg  oil,  instead  of  in 
insulating  air.  a  higher  voltage  was  required  to  maintain  it.  In  other  words 
the  disruptive  strength  of  such  oils  is  much  higher  than  ordinal >  air,  and 
I  -h.^rter  gap  will  he  siifli<  ieiit  to  kill  the  arc,  if  any,  formed  on  breaking 
a  given  circuit.  This  led  to  the  invention  and  development  of  the  so- 
called  oil  switch,  which  is  simply  a  swit.  h  so  d.-icn.  .l  that  th.'  bn  ak 
-aps,  which  it  can  introduce  into  a  circuit  are  formed  m  ixjsitions  ini- 
111. 1  -.  (1  in  a  >uitable  insulating  oil. 

rh,.  -wit.hes,  can,  of  course,  be  operated  dinctlv  or  bv  aiiv  of  the 
methods  of  remote  control  already  alluded  to  {sec  page  54S).  I'or  our 
l.resent  purpose  it  will  suffice  to  describe  two  or  three  examples  of  oil  switches 
operated  clcctricallv  bv  remote-control  devices. 

The  rcmiiili-ricld  Suttch.^ln  describing  the  large  1-erranti  switch- 
board (seepage  557  et  seq).  allusion  has  l>cen  ma.Ie  to  the  oil  swit.  hes  n-ed 
on  the  main  curr.'nts.  an.l  the  metho.l  of  operating  these  switchers  l'^;^'" 
given  ■  incidcntallv  soim^  of  the  re-iuircments  which  should  be  fulfilled 
by  such  a  switch  have  been  mentiom'l.  A  row  of  switih  (.  lis  on  this 
board  is  shown  in  Fig.  562.  in  which  a  part  of  the  mecliaiuMn  oi,crating 


F,!  FcrRK  i ry  i.\  niF  SEnricK  of  Af  iir 


one  <i{  the  a  lls  ran  W  scon.  Tlu-  arlinii,'  a^i  nt  is  a  iDng-pull  sDltnuid  m^ii;iii  i 
whirh  was  .Icsiimrd  hy  Mr.  M.  I?.  Fifld.    It  is  known  as  the  F.  ii,,nii.l-i,  i 

SWitfll   .ltl<l  1,111  hrvriii  ill  tlir  llu'iiir  liKiimlr.l  ,lliu\c  I  jir     wiliji.    A  Ixlt, 

itlpa  ol  111,'  .jc  t.iiU  ol  ilic  switih  will  1h' (il)tainr.l  fn.ni  1ik>.  5'>.l  l<»  5(1-, 
( )f  these  Fif,'.  .Vi^  is  a  clr.iwin;,'  parlly  in  serJion,  showing  the  solrnoid.  f  rii)piii 
mechanism,  ete.,  wliiUt  S''4  1-  .1  -iili  \i.  u  <A  the  \\li,.|e  nl  ilu-  -uit.  Ii  , 
srrn  from  the  left-hand  side  <.t  Fig.  5'>.}.   It  will  be  mnl,  i  -tcM.d  tint  the  liiii. 

tion  of  the  soleniiiil 
is  to  lilt  vertiealK 
and>iniultanei)ii>I\ 

t  III      1)1  Ii  1  :r    JUi  .  I  ^. 

not  shown  in  either 
(iijnrc,  of  i-ach  of 

the    tlllee  ]ihl-i-, 

.111(1  to  Imiiil;  ami 
hold  them  in  con- 
tact af^ainst  tlie 
fixed  electrodes  or 
coiltac  ts  (111  e.ii  h 
pair  of  leads  whkh 
are  to  be  connected. 
A  bridp'  piece  cdii- 
nectin.i;  cue  pair  of 
e!ectro<les  is  ^ho\vn 
sepaxately  in  Fig. 
565-  and  will  Iw 
referred  to  later. 

The  solenoid  is 
an  ironclad  electro- 
inaj^iut  energised 
by  two  coils  c  c, 
which  are  >hown 
connected  in 

I     ,1.        ,  ,,    ,  parallel    to  the 

■  teriiiiii.ils  bv  which 

they  will  be  joined  ,ip  to  the  control  nrcuit  (Imk-  561).  The  plutiger, 
will,  I,  shown  m  It-  hi.^lu.st  position,  is  not  solid,  but  consists  of  two  thin 
c.)m  entnc  iron  tubes  separated  by  an  air  space  and  each  -plit  loiK'it.i.linaHy 
to  kill  the  eddy  currents  which  would  otherwise  tlow  in  the  iron  whiNt  the 
magnetic  flux  is  being  built  ui..  The  result  is  that  when  the  exciting  circuit 
IS  close.  ,  the  growth  of  the  magnetism  is  practically  instantaneous,  an.l 
the  iiurhani.m  immcliately  responds  without  any  lost  time,  an  in.,,.,Uant 
point  wlien  synchromsing.  A  slipper  moving  in  slides  is  fixed  to  the  lower 
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,,1  ot  till-  i)liin«or.  an.!  this  in  its  tiiiii  (  aiiu -  at  it^  ...m,  r-  l.-m  >/•/-; 
ii,  „         ^  at  th.  ir  Imvi  r  f-n.ls  arr  Ih.H.-.I  to  tlu'  tiam.-\v<»rk  .  airvuiK  tin' 
-n-.|Hii.!.r,  -  (I'l,:   ,S''S).     W'-  -  li  ..m.     'i  k       al^.  mis|h'Ii.1.-.J  iloUl 
ill,    x.lcli.ihl  .a-iiif^  l.v  two  Ic'ii-  ^I'lial  ~y\\\v<-  "  -  (I'lK^'-  9\\  ami  V»4). 
h  a-i>t  thf  pull  of  thf  piimni  r  «h.  n  tin-  switili  is  .  lo>in>;. 
I'or  till  liippiiii^  iiiri  hani-in  thf  ?<lij>jHr  ,  . 

.itxivi'  n  lrH(  (l  Ic        aKo  atta<  hcil  tn  it  (iitir 

I.  'Ui  I 

I  nil  i'ngaj;<'  with  (our  otlu  i  liiik^;.  /,  1» 
move  nniml  tixtil  rrtUn-s  attachitl  to  tlu' 


big.  s6j, 


TnppiBu  ale 
Oa  SiStcb. 


Kml  View. 


base.  B  B.  This  f.inn-  a  douiil.'  tnm,'lc  nut  Iiani>m.  which  \\\\v\\  \\\-  ^\\\\k\\  \% 
closed  is  held  stiff  by  the  tripi.iiiK  lever  l.  wliirh  w  limi:.  (l  nii  thr  '  i  litre 
pin  of  the  left  hand  toggle,  and  carries  a  catch  h  whii  h  .  n:;.iL;is  with  the 
centre  ]>in  of  the  other  toL;t;lc.  The  ]>re>siire  on  this  latdi  is  very  '-liKl't, 
so  that  (luite  a  li^ht  upward  bUiw  on  the  lever  r.  lifts  the  c  it.  h  and  allows 
the  links  to  collapsj-  into  the  ]K)sition  shown  by  tlu'  dottt  il  liiu>  in  Imlt.  5<>,?. 
The  necessary  blow  to  oiH'ii  the  switch  can  either  Ix-  Kiveii  by  hand  or 
nu  v  haiiiiallyi^  but  i^  u>ualiy  pi^en  by  the  phiiiger  of  the  ironelad  tripj>ing 
solenoid  T  shou^  on  the  right  hand  end  of  the  base.  The  connections  for 
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(  "lll.iir  I.IW1  atut  llr.ilt:e-i'|. 
I'ciiiinii'Kiclii  CjU  .Swiuh. 


of 


this  maRnt't  have  aln  ,i<lv  Ut  n  disi  uxsrrl  at  j  inf  5()<..  561.  Ji,, 

trip|>in(;  li-vrr  cirrii-s  a  iKilance  wvi(,'ht  w,  ami  a  spring  atta(  hmmt  a,  which 

«'iisiiri'  the  Pnjfagrm«-nt  and  retention 
of  tlic  latrh  when  th««  switrh  rlosos. 

Al   Ihr  ntl  Hi   (ill!  of  t  111'   li.i^r   III,'  '  • 

is  a  niiiii.it  mi'  miitrolli  r  n  whit  h  i> 
I  oiimctftl  to  the  toggle  systrm  liy  a 

link  /,  will,  li  r,,t.iti  s  iln'  Immi  1  li  tlic 
iiiiitriillrr  .1-  till'  tMi,.i;|is  11^,'  ,111.1  i.ill. 
Tliis  \M.ik-  tin-  -\Miili  i  (l'"i^,  g(,i)^ 
whose  function  has  Uin  already 
describpfl. 

The  gcnt'ral  result  fii.it  win  11  tlu'  m.iin  ■^.il.'iii.id  (  <  i-  .a,  il.  ij  th,- 
hri(In«'-pl(.<r  (Fij;.  31,^)  ,s  l.roiiKlit  up  Miiartly  t<.  and  held  limiiv  Ix  twi-t  n 
th.'  ii.nta(  t  jaws  J  J,  wiiich  torm  the  electrodes  to  be  bridged.  This  bridge 
piece  is  a  single  copper 
strip  fixed  to  the 
wooden  sil-|ii  inler  s  hy 
a  pair  oi  brackets. 
The  fixed  contacts  k  k 
are  proviil.  .1  with  tlie 
contact  j.r.  I  |.  wliii  ii 
.11'  iliAihlv  .itt.ichi'd 
to  tlirin  ;  each  j.iw  is 
b.-»cked  l)y  a  stront,' 
^;  .in^'  pie>-iiif,'  uii  its 
ctiitre,  ensuring  good 
and  even  contact  and 
avoiiiiiiL;  i)iissil)ility 
of  the  bridge  pieie 
sticking. 

In  rnnrlusion  it 
may  be  ["linted  out 
fliat  Dm-  soKiioid 
plunger  has  a  tr.ivel  of 
twelve  inches,  which  is 
directl\-  trausfeiird  to 
the  briilf^e  piece.  It  is 
claimed  that  the 
mi  I  hanisra  is  therefore 
much    simpler  than 

w)]. ;iiipi^ing  levcrs  are  used  to  iiu  1.  a>e  tin-  eH\  i  .  -imke  of  a  magnet 
or  v.hcn  an  electric  motor  and  gearing  are  used  to  close  the  contacts. 


Fig.  56«.— WaMioghouM  Tr!pl»Pbh  Oa  Switch. 

>ii(ike  of  a ; 
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The  WcsUhkIiousc  Su  iUIi.    Tlf  -.t.iii.l.u.l  luim  <>(  tli.  i,  lum,.  ,  ..nti..ll.'.l 
,.,1  >vvit.h  manuf:u-tuml  bv  tlw-  Hriti-h  WVmiiikIi'.um'  VI  ■  lu,  aid  M.uiui...  - 
,„iiu' (  (iiniMiiv  1-  1i..\Mini  l  u;  V".  wliuh  is  a  vi.'W  «.(  a  tiipl. -jx.lr  ^\m1.  ii 
thrr.-i.ha--  uuikiii^;.     llu  iln..  ,H.k-s  arc  in  thr.e  S4'p;iratt>  fir.pfiH.I 
.  iihuUs,   and  tin- 

rt  atcr  part    :  '\w  u- 
,.)Mi.iiiiii,'  r  '• 
i-iii  1^  ill  till'  >'"' 
I  uhii  IfS  alMive  tile 
i.irnwr  oms.  Into 
ill  -(■  upiH  1  (  ubicU'> 
Mil'   iiu oiiiiii)^  aiul 

i.iitpiiiiL;  Irads  art-   

hrouKht,  Ix  ing  wry  jj  V 
.  in  fully   insulated  k  ^ 
ill   tin'ii'  i>.i^.ai,'f 
lliiougll  the 
taininK  walls.  The 
,  .H.r.itiiii,'  luacrni't 
\Mtii   till'  tiipjiiiiK' 
nucha  11  ism  is 
j)latcd  in  a  central 
|Hi>ition,  and  arts 
iiv  lotatiiij;  tilt" 
horizontal  axle 
which  can  be  seen 
Mipjiorti  (1  on  1)1. i(  k- 
its  in  front  of  the 
cubicles.  This  axle 
ictuatos  the  links 
bv  which  the  con- 
tact   bars    B  are 
r.iised  anil  lowcrctl. 
The  oil  vessel  has 
111  (  u  removed  ti  mu 
the  centre  compart- 
ment to  show  the 
detailsof  thes\vit(  h. 
The   action  of 


I 

L 


rig.  5«7.-I>etail»  of  WcKliiigliuuse  Triiile-Pole  Oil  Swiuli. 


the  mechanism  will  W-  Ixtter  iiiuleisttH  .l  bv  nt.  ivii..  i,.  Fi.L;  s*.;.  \\l.ich 
is  a  drawing  of  the  details,  and  is  al>o  marked  with  the  prin.  ijMl  ,lun,  n- 
sions.  In  this  drawing  the  switch  is  shown  closed.  It  will  Ix-  oinned 
if  the  tripping  coil  a  is  energised  so  that  its  core  is  raised  and  stnkt  s 
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Ihc        ft  of  one  arm  <.f  Iho  knt  levor,  at  Xhv  cn,I  of  thr  olh.  r  am. 
whu-h  the  lockinR  tri,tr.i;.'r  is  hol.lint?  the  i-.n  c.  win.  h  i.  lix.,!  to  ih, 

mam  ..prratu,^  Lv.-r  /.    A.  ,  as  tiu-  ,„„  ,■  k  n  l.aM.l  tlu-  switd.  o.x.n- 

.y  tlu"  a.llai-MMf,'  uf  (lu.  toKKl.'  joint  /  and  tlu-  falling  of  tfic  main  oixratin^ 
.  v.T  tl.rouf,'!,  an  an-  of  alH^ut  jo'^    Tfie  vertical  part  of  the  switch  in  falling 
has  a  travel  of  5J  mches,  ami  cushions  on  the  <  nil,.,l  ^piin-  s     Tlu-  swit,  li 
IS  dosed  by  the  core  of  the  st.Icnoid  of  the  dosing  coil  U  ing  drawn  up  an.l 
raisnig  with  it  the  lever  /  until  it  is  again  locked  by  the  pin  e  onKafjing 

with  the  Idckinu 
triggor.  It  may  Im- 
noted  that  the  break 
per  phase  consists  of 
two  gaps  each  over 
live  in(  Ik  s  long. 

lintish  ritonmm- 
Houston  Switch. — 
\\'itlioiit  1,'oin^'  into  so 
niiu  li  (U  i.iil  as  in  the 
la>t  two  cases  it  is 
desirable  to  descrilx;  a 
remote  control  high- 
voltage  oil  switch 
oiwrated  by  an  electric 
motor,  and  for  this 
purpose  we  select  the 
Well-known  oiNwilehes 
of  the  General  Kieetne 
Companyof  New  York, 
rejiresented  in  thi., 
country  by  the  British 
_  Thomson  -  Houston 

I  onipany,  f.td.  In  addition  t.,  h,  ing  motor  operated,  those  switches  differ 
from  the  two  previously  described  in  important  general  details.  A  tripl,  -p,,le 
smgle-throw  switch  with  its  pairs  of  pole.  jMralKl  to  the  Ir.mt  of  tiie 
cubicles  is  .hown  111  rig.  5(,S.  and  another  with  its  pairs  of  jioles  at  right 
angles  to  the  front  of  the  cubicles  is  shown  in  Fig.  ^Ui).  Each  switch  is 
designed  to  operate  at  a  pressure  of  r5,o(M.  volts,  but  whereas  that  in 
I'lg.  5'"*^  IS  intended  to  handle  current,  up  to  joo  ampere.,  the  switdi  in 
1-ig.  5,,o  has  a  ma.\imum  capacity  of  i.joo  amperes.  The  opt>rating 
me<  hamsm  by  which  the  vi  rtical  wooden  rods  working  the  contacts  are 
moved  up  and  down  is  mounted  on  the  top  ,jf  the  cubicles,  and  in  each 
ngure  the  electric  motor  can  be  dearlj  made  out. 

The  most  striking  differences  betwcn  this  design  and  the  previous 


JOS.-  tiencial  Lkun,  Cuiiip.ni>  »  liiplc  I'ole  Oil  bviilch  Jor 
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ti  '.  5t»).         i:ifi.ilKl.-ilrn.Cuinl>.ili>  »  liipie- 

"  I'.  le  Oil  Switch  for  i.aoo  Amperes  at 

l-,.«.0  VollS. 

aii.l  on  a  hui^t  r  scale  in  Fii,'s. 
570  ami  571,  the  s.ukit  Iit 
Uu'  irceptiDn  of  the  U)\ver  i  nd 
of  the  wodilen  rod  being  shown 
in  tlir  niiiliUe  of  each  ero-s- 
head.  At  eaeh  end  of  the  eio-s- 
head  there  is  a  lonj;  metal  rod 
wliiih  i>.i-ms  down  (Tiiis. 
and  309)  into  an  <>il  pot.  The 
conductors  to  whii  h  (  unt.i.  t  i' 
to  be  made  are  1.  d  into  the 
bottom  of  tlu-e  oil  ix'ts.  and 
the  tii-t  (oiitatt  i--  ni.idi'  at 
the  bottom  of  the  oil  vessel  by 
the   metal    rod   entering  a 


encs  are  th.d  ea.  h  break  is 
ma.le  in  a  separate  oil  ix)t, 
and  tint  llir  .uinnt-earryint? 
bridp'    I'Uii-    l-rlwi.n  the 
conneete.l  el.  >  tio.l>  when  the 
switih    is    eli.M-d    are  not 
inmui^ed  in  oil.  Th.-se  bridw 
piire>  are  in   f.i' t    tin-  >  to— 
heads  at   the  K>ttoin  ot  tlie 
wooden  rods  referred  to  .d'ove. 
They  aiv  -hown  seivir.it.  Iv  for 
caeh  ot  the  i.re.vilini;  li,:;mes 
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Stationary  contact  consisting  of  four  segments  of  extruded  metal  heM 

on  a  further  5        "T^'  ^"  established,  al 

r     ^"'^^'•^^.'lownward  movement  of  the  cross-hoad  the  l,n:shcs  (Fig.  ,7,,, 
or  fingers  (F.g  571)  make  contact  with  the  corresponding  fixed  contact 
at  the  top  of  the  0.1  vessel,  and  become  the  current-carrying  contact' 
y.ce  versa,  on  opening  the  switch  the  contacts  at  the  top  of  the  oil  ves. ! 
are  first  opened   but  the  final  break  is  made  in  the  oil  at  the  botton, 

°iere  "^"^  °*  ^^'^^"^ 

The  switch  is  closed  by  the  electric  motor,  which  is  series  wound,  aclin. 

operated  by  a  continuous  current  controlled  at  the  switchboard,  and  there 
are  the  usual  lamp  deuces  for  showing  whether  the  switch  is  fu  ly  open 
f,%  closed.    The  switch  can  be  rapidly  opened  by  trip  me.  hanism'^.pS  " 
cither  au  omaticaUy  or  from  the  switchboard,  bringing  into  play  J,werf  J 
springs  wluch  a«  compressed  during  the  process  oid^  the  s4S. 


CHAPTER  IV 


CONTINUOUS  CURRENT  MOTORS 
The  preceding  chapters  have  dealt  fully  with  the  problems  ronn<  .  ted 
with  the  gcncr:itio"  of  electric  energy  in  the  varieus  forms  which  are  cither 
suitable  for  immediate  utilisation  or  for  the  transmission  of  the  energy 
to  more  or  less  distant  points,  where,  after  pmper  tr.m-foiniatii.iix  it  i m 
he  usefully  employed.   It  is  proposed  in  this  and  the  immiduitely  foUuw  ini; 
,  liapters  to  deal  with  the  technical  details  of  some  plant  and  apparatus 
icquircd  in.  and  tlie  problems  coniu.  ted  ivitli.  the  utilisation  of  electric 
power,  leaving  over  for  later  chapters  the  probU  nis  of  transmission  and 
transftjrmation.    The  nature  of  the  problems  thus  post  poind  and  the 
f^eneral  methods  available  for  their  solution  liav*-.  however,  already  been 
referred  to  in  Volume  I.  (sec  Chapters  XI.  (v.).  XV..  and  XVII.)  and  the 
technical  asjx'cts  of  :^ome  of  them  will  be  better  apiHcciated  after  the 
consideration  of  the  design,  construction  and  methods  of  v.orking  of 
the  various  types  of  electric  motors  whose  development  has  largely 
contributed  to  the  utilisation  of  electric  power  for  the  service  of  man  in 
so  many  directions. 

INTROntCTOKY 

In  the  historical  volume  the  elementary  principles  and  rhief  lines  of 
development  of  continuous  current  motors  lia\e  Ik  en  liii<  fl\  sketditd, 
and  in  the  clii'pter  on  continuous  current  generators  the  details  of  design 
w  liich  apply  equally  to  generators  and  motors  have  been  described.  In 
this  chapter  it  is  intended  to  deal  with  some  of  the  details  of  de-i.^ru  and 
construction  in  which  continuous  current  motors  differ  from  giiu  latois, 
and  to  describe  a  few  typical  motors  as  illustrations  of  the  principles 
involved  and  their  application. 

Demand  for  Small  Machines.  Perhaiis  the  most  stnkiiii;  ia<  t  which  ap- 
pears on  a  first  survey  of  the  field  is  that  small  machines  au'  mudi  inoie 
frequently  required  as  motoi-s  than  as  generators.  With  the  development 
of  large  power  stations  for  the  production  of  electrical  power  in  bulk,  and 
for  its  sale  to  consumers  in  either  small  or  large  (juaiititir-,  the  nicoH'y 
for  small  users  of  electrical  power  to  generate  their  own  current  very 
seldom  arises.  On  the  other  hand,  the  very  extension  of  the  meara  by 
which  electric  power  can  be  obtained  easily  and  clieapl>  Inmi  mains  brought 
to  the  consumers'  doors  has  enormously  increased  the  demand  lor  smull- 
and  moderate-sized  motors,  imtil  the  design  and  manufacture  of  such 
machines  has  become  a  special  industry  and  has  led  to  Uie  evolutioB  of 
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many  patterns  which  bear  Httic  resemblance  to  the  large  generators  whiih 
attract  so  much  attention. 

Kvon  in  plans  wlicic  larfjc  amounts  of  power  are  rcqtiircd- as,  1.  r 
instance,  in  larj^e  faetoiies— it  is  frequently  convenient  to  subiliviile  llii- 
power  into  small  units,  and  to  apportion  a  separate  motor  to  each  madiiiu- 
or  group  of  machines,  thus  sa\'ing  the  expense  of  costly  ai:i  i  va,s1<  fr.l  sliati 
inf»,  rather  than  to  drive  the  whole  factory  from  one  lartje  motor,  as 
usually  Ixitli  necessary  and  economical  where  the  power  is  ol)taine(l  direc  tly 
fnjm  steam  plant.    IVrhai>s  the  greatest  advantage  of  an  electric  motor 
in  industrial  work  is  the  ease  with  which  the  electric  power  can  be  con- 
veyed to  it.  thus  enabling  it  to  be  installed  at  the  nearest  jioint  to  tlit 
machine  it  has  to  drive,  and  in  some  cases  even  to  be  incorporated  with 
and  made  part  of  tlie  machine. 

Condiliotts  of  Working .-— hat  this  very  advantage  increases  considerably 
the  onerousness  of  the  conditions  which  the  motor  may  have  to  fat  e.  For 
instance,  it  may  be  set  to  work  on  the  reilini;  or  walls  of  a  dirty  and  dusty 
room  in  a  factory  where  some  not  verj'  cleanly  trade  is  being  carried  on;  or 
it  may  be  placed  in  the  workings  of  a  coal  mine  amidst  ver>'  trying  sur- 
roundings: and  in  innumerable  other  positions  its  mechanical  and  electri- 
cal properties  ma\-  Ix-  exi>osed  to  much  more  severe  strains  than  a  generator 
is  called  upon  to  face.  What,  for  insiance,  could  be  worse  than  the  position 
of  a  tramcar  motor  underneath  the  vehicle  on  a  wet  and  winfiy  day  ? 
In  this  and  many  other  cases  it  is  absolutely  necessary  that  the  whole  of 
the  workintj  parts  of  the  motor  shall  be  protected  from  external  influences, 
such  as  water,  dust,  explosive  gases,  etc.  This  necessitates  the  designing 
of  enclosed  motors,  which  in  some  cases  have  to  be  packed  into  a  small  sjjace, 
and  these  conditions  have  reacted  upon  the  desi},'n  until  niadiints  ha\« 
been  produced  (.sec  Fig.  630)  which  bear  little  external  resemblance  to 
any  known  generators.  Then,  again,  the  conditions  of  speed  and  changes 
of  speed  and  load  are  also  in  many  cases  much  more  trying  than  the  corre- 
sponding conditions  in  generator  working. 

It  follows  from  llie  above  that  in  designing  a  motor  attention  must  In 
paid  to  the  conditions  under  which  it  may  have  to  work,  and  very  careful 
consideration  must  be  given  to  many  small  details  which  may  be  either 
neglected  or  relegated  to  a  comparatively  unimportant  place  in  the  desii,'n  of 
a  generator.  There  is,  indeed,  one  fretpu  nt  requirement  of  a  motor,  JH-Xuliar 
to  it  and  distinct  from  any  similar  requirement  in  a  dynamo,  and  that  is 
that  it  should  have  a  large  slarting  torque  without  using  an  excesFi\  i>  amount 
of  current.  This  feature  is  necessary  whenever  the  motor  has  to  start 
with  eitlit  r  the  full,  or  a  ronsiderable  fraction  of  the  full,  load  on,  a'-  when 
it  is  geared  up  to  a  machine  set  so  as  to  absorb  most  of  the  rated  power 
of  the  motor.  A  motor  which  is  defective  in  this  respect  must  be  started 
with  a  light  load  only,  and  this  may  necessitate  additional  clutches  or 
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otlier  devices  for  throwing  <m  the  load  after  the  motor  has  Ri.t  under 

rhissific(ahn:—\i  is  this  preat  variety  of  coivlitinns  uiulfi  wlu.h  .l.r- 
iii.itnrs  havr  to  Ik-  ust-d  which  renders  the  question  of  stamlaidisatmu 
-to  which  allusion  lias  Ix-en  made  on  paRc  202-H!Uch  a  difficult  one  for 
inanufactvirers.  If  also  i.ndft^  the  (jncstion  of  (lassiluatum  dilliniH,  as 
M,  inanycross-classihcations  arc  possible.  The  follownif,',  which  .Ual>  with 
the  motors  from  the  user's  point  of  view,  will  perhaps  be  a  convenient 
classification  to  adopt : — 

(ii)  High  and  moderate  sj wed— Open-type  motors. 

—  Enclosed  motors, 
(c)  Slow'speed  _  OiKii-tyiH,  motors. 

— Enclosed  motors. 
\^  —Traction  motors. 

In  this  classification  the  question  of  voltage  is  ignored,  and  even  the 

trrnis  adopt.Hl  -sud.  as  opt-n  and  enclosed,  hi^li,  moderate,  and  low  siu-ed 
-  are  open  to  criticism,  for  there  are  mot.-s  built  which,  althou^'h  not 
complctelv  enclosed,  are  nearly  so,  and,  as  a  matter  ot  fact,  the  <iueM,..u 
.,f  whetluT  a  motor  shall  be  quite  oiien,  or  be  made  quite  gas  ti^ht,  chu  lly 
Ltfects  the  outer  casing,  and  has,  in  many  machines,  little  effect  upm  the 
details  of  the  electric  and  magnetic  circuits.  Such  details,  as  well  as  the 
general  form  of  the  motor,  are  more  affected  by  its  conditions  of  work. 

Similarly,  the  speed  division  is  vague  and  relative,  and  different  manu- 
facturers  place  the  lines  of  division  differently.   Thus,  one  firm  classes  as 
"  low  speed  "  machines  running  up  to  a  sjx'ed  of  1,290  R.  P.  M.,  and  as 
"  moderate  speed  "  machines  running  at  1,930  R.  p.  m.  These  si^eds  api«  ar 
to  he  certainly  too  high  for  the  more  commonly  accepted  meanings  ot  the 
terms.   Another  firm  does  not  descrilie  as  low  speed  motors  any  machines 
running  at  over  400  R-  p.  M.   This  seems  more  reasonable.    On  a  u-xk-^. 
of  the  whole  case  we  proix>se  to  fix  the  limit  iMJtween  low  and  high  spee* 
.a  500  K.  P.  M. ;  and  although  up  to  1,000  R.  P.  M.  the  motors  may  be  called 
moderate"  in  sjH.ed,  such  an  additional  classification  does  not  offer  any 
advantage  here.    In  the  early  days  only  machines  which  would  now  1k5 
nut  in  the  high-sjwed  class  were  available  ;  but  with  the  better  knowl.'dge 
,.(  rlectvical  and  magnetic  laws  as  the  science  develoj^d,  designers  have 
been  able  more  and  more  completely  to  satisfy  the  ever-widening  demands 
of  the  users,  until  it  may  fairly  be  said  tliat  at  the  preset  time  electric 
motors  can  be  ..btaincd  to  run  at  siH>eds  varying  fnMU  almost  de.id  slow 

to  -^.ooo  or  4,000  K.  P.  M.  ,   ,  1  J 

As  other  bases  of  cross-classih.  ation  mav  mentioned  tlu-  number  of 
polcs-i.e.  the  machinc-s  may  bip.lar  or  multipolar  ;  the  exc.tati(,n  ot 
the  fields-^ies,  shunt.  differenUal  or  compound  ;  whilst  motors  for  trac- 


57» 


Elktkkity  im  tmm  SsKyKM  or  Man 


tion  purposes  form  a  rlass  by  lliemsclvcs.  The  description  of  a  few  rcpro- 
scntative  machines  will  illustrate  in  due  course  the  various  differcnci, 
referred  to. 

Since,  as  already  remarked,  the  chief  princi[iles  of  ff)nstni(  tion  (  f 
continuous  current  machines,  whether  generators  or  motors,  liave  bcin 
dealt  with  in  detail  in  Chapter  I.  (a-c  page  7  et  seq.),  it  is  not  proposed 
in  this  chapter  to  take  up  separately  the  various  parts,  such,  as  "  the  ficl  ! 
magnet,"  "  the  magnetic  circuit,"  "  the  armature,"  etc.  Instead,  it  wil, 
be  more  convenient,  to  adopt  in  a  grncial  way  the  speed  classification 
given  on  page  577,  and  to  point  out,  as  tlicy  arise,  the  instances  in  wliich 
the  general  principles  have  been  applied  in  any  special  manner  to  meet  the 
varied  requiranents  met  with  in  practice. 


Motors  of  this  class  when  of  the  open  typo,  are  the  ones  which  mo>t 
nearly  resemble  the  generators  already  described  ;  they  (le]>ai  t  most  fruni 
generator  types  wlirn  thvy  ire  i)artially  or  almost  wholly  enclosed.  \\\ 
may  therefore  first  briefly  consider  machines  which  have  been  di  igned 
to  l>c  used  either  as  dynamos  or  motors  according  to  circumstances,  and 
it  will  at  this  jxiint  be  convenient  to  notice  some  of  the  chief  theoretical 
and  other  differences  between  the  same  macliines  when  run  as  dynamos  and 
as  motors, 

Interchangreable  Dynamos  and  Motors.— As  already  explained,  in 
Volume  I.  the  electric  generator  is  a  revei^;ible  machine,  and  any  good 
generator  nia\-  be  run  .xs  a  motor.  It  must,  however,  be  noted  that  the 
p<  wer  in  a  motor  is  travelling  in  the  reverse  direction,  and  that  the  con 
ductors  and  core  plates  are  driving  the  shaft  instead  of  the  shaft  driving 
the  core  plates  and  the  conductors.  \\'here,  however,  the  conditions  of 
work  permit,  any  well-designed  generator  may  be  run  as  a  motor,  and 
most  modem  motor  manufacturers  in  designing  their  standard  machines 
of  tlio  opvn  or  iiartially  enclosed  type— especial!}-  the  smaller  ones— kecj: 
the  j^en(  rator  requirements  in  view,  so  that  they  may  be  used  in  either 
capacity  under  ordinary  condilions  t^f  running. 

Dealing  first  with  shintt-womid  machines,  it  should  be  noted  that  the 
terminal  p.  d.  cannot  well  be  the  same  in  the  two  cases  if  the  machines 
are  identical.   Tlie  equations  ah-eady  given  for  this  terminal  p.  D.  (v)  are 


where  E  is  the  generated  E.  m.  f.  and  c,  and  r„  are  the  armature  current 
and  resistance  respectively.  Now  with  identical  machines  running  at  the 
same  speed  and  the  same  terminal  p.  d.,  the  fields  and  therefore  the  e.  m.  r. 
would  be  the  same,  which  is  impossible  according  to  the  above  equations. 


I.   modi: rate-  or  high-speed  motors 


for  a  dynamo, 

for  a  motor, 
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f,)r  in  one  case  B  is  Rroatcr  and  in  the  other  less  than  v.  and,  therefore, 
witii  the  same  value  of  e,  v,  mast  be  greater  than  v,.    Hut  tliis  will  f,ive 
.1  larijer  field  flux,  with  which  the  machine  must  be  run  more  slowh  to 
k.  ep  the  value  of  E  the  same.   In  practice,  abo.  where  the  same  types  of 
machine  arc  re- 
quired to  act 
licit  li  as  gener- 
ators and  motors, 
it  is  absolut»'ly 
necessary,  be- 
cause of  the  loss 
(if  volta.ire  in  the 
(iistiibutiut;  con- 
ductors, that  the 
lated  P.  D.  of  the 
i;t'Tit>rators  should 
be   hii^hcr  than 
that   of  the 
motors.  With 
tiie  diminished 
p.  V.  the  held  flux 
in  the  motor  Ls 
diminished,  but 
tlie  back  E.  M.  f. 
required  is  also 
much  more 
diminished,  be- 
cause  the  flux 
does  not  diminish 
proportionately 
with  the  P.n.,  and 
tlierefore  on  the 
whole  the  speed 
of  motors,  as  well 
a-s  their  voltape 
rating,  is  less  tlian 
that    of  identi- 
cally constructed 
generators. 
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-Relation  of  Powtr  to  Sp««l  in  Ordinary  Electric  Molors. 


For  example,  insiancis  can  be  found  of  standard  dynamos  rated  at 
I20,  240,  and  500  volts,  whereas  the  same  machines  as  motors  are  rated 
at  113.  230,  and  480  volts  respectively.  In  regard  to  speed,  a  40-kilowatt 
machine  of  tliis  pattern,  which  is  to  be  run  at  725  r.  p.  m.  as  a  dynamo. 
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runs  at  625  r.  p.  m.  as  a  motor.  These  instances  will  suffice  to  illu^tiat.' 
the  |x)int  mentioned. 

The  use  of  series-wound  machines  as  generators  is  not  common,  wlilK' 
their  use  as  motors, especially  in  traction  Wf)rk,  is  extensive,  and  will  rcfjnii. 
to  Iw  spc.  ially  dealt  with.  It  ^  iiniUTcssai  v  tlu  rcf.nc  to  enter  here  int.. 
a  comparison  similar  to  the  above.  Also  machirii'S  compound  wound  for 
ro^'ulating  purposes  present,  as  motors,  problems  different  from  those  which 
they  present  as  generators ;  these  proUems  will  be  referred  to  when  dealing 
with  regulation. 

Oiilpiil  tiiiil  Spcwl.  Hcfore  jirocccding  to  considir  further  details  of 
modem  continuous  current  motors,  it  will  be  of  interest  to  notice  the  con- 
nection lietwecn  speed  and  output  in  such  f)rdinary  motors  as  we  arc  now 
considering,  in  wliirli  tlic  d.  -icn.  is  have  not  hn  n  r;ill.  d  \i\rm  to  face  al.- 
nnrnial  u  ciuiicnK  nts  in  the  conditions,  or  for  cither  .slow  or  very  high  siwds. 
Siu  li  a  (onn.  I  ti.in  is  given  grajrfiically  in  the  cur\-es  of  Fig.  572,  in  which 
the  horizontal  distances  represent  liorsc-powcr  and  the  vertical  dislaiuc- 
six-ed  in  revolutions  per  minute.  These  curvi's  have  been  obtained  from  an 
examination  of  the  sjK'eds  and  outinils  of  a  very  large  number  of  motors 
in  actual  use,  and  may  Ix;  said  to  apply  to  ordinary  standard  machines. 
Two  curves  are  drawn ;  that  marked  "  maximum  speed  "  gives  the  \ipy^-r 
limit  usually  ohtainin/,',  whilst  that  marked  "minimum  sjHjed "  indical.s 
the  ordinary  lower  limit.  Small  machines  built  sijccially  for  "  slow  " 
s})ecds  are  excluded,  for,  as  we  shall  see  later,  it  is  possible  to  construct 
motors  of  small  output  to  run  at  100  u.  r.  m.  or  even  less,  but  such  madiiiu  s 
arc  heavy  and  costly  relatively  to  the  work  tliey  can  do.  It  will  be 
noticed  that,  .is  mi.ijht  be  exjwted,  the  ordinary  sjK'eds  dei)end  to  a 
great  extent  upon  the  output  demanded,  and  that  as  the  latter  increases 
the  permissible  speed,  diminishes,  but  that  the  rate  of  diminution  is  not 
great  for  machines  over  700  h.  p.  .Another  jMiint  worth  noticing  is  that 
the  range,  as  shown  by  the  ratio  of  the  maximum  to  the  minimum  speed, 
is  fairly  wide;  thus,  for  large  machines  of  2,000  h.p.  the  speed?  lie 
lx;tween  200  and  50  r.  p.  m.,  and  at  400  u.  p.  between  300  and  125  k.  v.  m. 
The  high  ratio  extends,  howe\  er,  to  all  sizes,  for  as  low  as  4  11.  p.  the 
speed  r.inses  from  2,100  to  500,  a  ratio  ot  more  than  4  to  i. 

Rating.— Closely  connected  witli  the  above  is  the  question  of  the 
rating  of  electric  motors,  a  full  discussion  of  which  would  carry  us  Ixyoiui 
the  limits  of  tlic  j)rescnt  work.  It  may,  however,  Ik;  explained  that  the 
usual  method  is  to  refer  to  the  different  macl  Ines  as  capable  of  giving 
so  much  mechanical  power,  which,  as  it  can  Iw  absorbed  in  friction  on 
an  ap]n-opri,;to  brake,  is.  .as  a  rule,  sjK'cifu'd  as  so  many  Brake  Horse 
Power  (B.  H.  P.).  Hut,  as  already  pointed  out  (see  page  (103,  Vol.  I.),  the 
mechanical  j^ower  tlelivered  dejxinds  upon  two  'things— namely,  turning 
moment  (or  torque)  and  speed.    For  the  same  turning  moment  developed 
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hy  til*  tUr'  rhp  ^wwer  can  ht-  made  h-  vaiy  t!>i..ii-!.  wide  limii-  I'V 

.11 V!         ,  i<(<l,  as  well    s  n.l        th«'ie(<'rf,  >liuulil  Iv  s|n«  ilKil 

,„  >,|i  tl     (i.x    T-Wl;    ■''  sl, w-pod  mi'tnr*  whuh 

^ill  ,,,          ler  I-  '! 'lu',  ih-         luati"!!  5         iiH'.iiiiiu:  .i 

,,.,,,!  ,        ,  1        .  I".  M  ,  wliirh  ■  ^l.iii.l.ir  1    i'l.l  .uli'iil-.'.l. 

•.„>>.(,.  mill        .Mind  ti>  Kivi-  ;•  1  i  h.  p.  at  i  v  k.  f.  m.,  .»i  lo 

:,_(._  M..  .1  .  -1.  with  n'l :    •■\  Umit    I  'ti- 

\i'  i      ^  lor  iliTtti-  1  liowi  S  IT.  1     onipl.  i<  ,  ilu'  i.  in|H'M- 

ic  II-.'      full  load  on  a  I'liiK  nm  is  cii- II   ■  siiti  111.-        ilu-  tn~l       .  ! 
.1  ..V.  I  iu,.iiiii),'  till-  ni.uhiiK!  is  to  incrca  '  ilio  -ti  ■•\\   ;i-m[*Tatiiu-  wlii.  U 
'  illaiiis  it  Ihc  toad  bo  k.  pt  on  for  a  suffin^  't  »iin<-.    Mo-t  wi  ll-huilt  motors 
,1  oasily  -taiid  a  lair  p.  :  >  .  iita_T  uf  ■    •  ■  .i  ^i-i  t  I'i  ilhI,  ..1  nm.-  il 

only  the'floctric  cnorgy  In;  Mipplii.l  ■  >  I""",  an-l.  in.l.id,  ti  k 

i^  one  of  tin-  advantaj,'cs  of  this  form  ■  Hut  the  sti  ady  liiiii^Tatiirc 

I,  ,1.  hf.l  ill  I  li'iii;  luii  mint  u..t  he  all  •  <  "iiu'  .•x.-i-ssivc.    For  oih-n- 

tviHi  motors  iiiui.r  the  lull  laicd  loa  -hould  imt  ox.n'd  40  -r. 

.    the  most,  45"  Cent iK'-"lL'  ">  any  i-"'  ili.'  ...iniii.itat.  t  uhi.h 

!       '  e  allf>\vcd  to  get  a  little  wanm-r.    Ih^  raturc  limits  Uir  luU.  m:U 

in.    iS  will  1«'  referred  to  in  due  cm  r-i- 

VCtual  Machlnes.-As  an  cxa:  ,  .^;li-iv,  .l  ma.  l.in.  l.uilt, 

si>i.iially  to  work  as  a  motor,  hut  which  may  also  1h  run  as  a  ■  mLt. 
we  give  in  Plate  IX.,  a  fully  dimensioned  drawinK  of  a  h  it.  11. 1  ni  'i.  1. 
constructed  some  years  ago,  hy  Mc-s,s.  jolmsi  n  and  Thillii.  .  nd  u-.l 
for  driving  in  the  -'.Tlrical  cii^inctrmg  laU>iatory  .a  ihc  N.-ni  nni.t.  a 
P(»lytechnic  Inst.mti.  The  machine  is  designed  to  t^we  the  aU.v  i-'xy  r 
wlu  n  running'  at  1,420  R.  p.  M.  on  loo-volt  continuous  current  mams.  The 
diaaiiiL;  Kives  die  various  details  so  fully  that  very  little  furtlu-r  des- 
.ription  is  called  for.  esiK-cially  after  tlu'  v<  1  v  full  mamirr  in  uhi.li  the 
dcsif;n  of  continuous  current  dynamos  has  been  iliscussid.  \\\'  may,  how- 
ever, point  out  that  the  machine  is  a  smmi^i-core  drum-wound  m^.hino, 
with'  (our  hbic  "r  u.-'U  n  .hiving'  h-rns  at  90°  apart.  The  non-i...  .;netic 
)^ap  from  iron  to  iron  is  i,'n(l^  of  an  iiuh,  and  when  the  copi«--r  coiuluc- 
tors  are  packed  into  this  space  in  two  Liyt  rs,  tlu:  mechanical  ilearaiue  h 
very  small.  On  the  tield-maL;net  limbs  the  series  windint;  is  [.hued  next 
to  the  core  beneath  the  shunt  wiii.UilKS. 

As  another  example  of  aw.  i;  .1. -iuiu'd,  iL.'i  :li  11.  I  \'  i\-  i.reiit.  m.n  iiine, 
Plate  X.  is  a  detailed  diauin^  of  a  2H.  u.r.  slotted  core  m.  lor.  built 
hy  Messrs.  Crompton  and  Co..  and  used  for  driving:  the  wfM)d-workinf; 
shop  at  the  Northampton  rolvfchnic  Institute.  T!  >  diawin;.',  ■  ^.e 
last,  K'lves  so  much  detail  that  very  little  desciiption  is  lued.d.  Ip  .  •..aul 
to  the  ma^metir  rin  uit,  attention  may  be  called  to  the  (act  tl  at  Ih.'  aL'net 
cores  are  continmd  to  be\..nd  the  top  of  the  aimafure,  which  thiy  lue 
paitially  hollowed  uut  to  m  eive.    Tiiey  do  not,  however,  piovide  the  Wiiote 
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of  the  pole  face,  for  polar  horns,  embracing  a  considerable  part  of  the 
iiniiature,  are  keyed  on  to  them.  To  promote  sparkless  runninR  tlie  cur- 
vature of  these  horns  is  less  than  that  of  the  rest  of  the  pole  face,  so 
that  the  (,'ap  widens  towards  the  pole  tips.  The  horns  are  of  (  ;uit  iron, 
to  still  further  diminish  the  permeance.  The  armature  core  is  slotted  with 
nearly  closed  slots,  of  which  an  enlarged  drawing  is  given.  In  each  of 
the  slots  tlure  are  shown  two  stranded  conductors,  which  are  almost  im- 
bedded in  the  iron  by  the  projecting  faces  of  the  teeth.  The  strands 
are,  of  course,  twisted  in  the  usual  manner  to  kill  the  eddy  currents  in 
llie  copper.  It  will  be  noticed  that,  as  is  also  the  case  in  the 
Jolmson  and  Phillips  motor  (Plate  IX.),  the  armature  core  extends  dovv-n 


to  the  shaft  of  the  motor  on  whirli  the  core  jilates  are  tlneaded 
and  kejed.  This  practice  is  very  usual  in  snuill  niolnis  beeause  of  its 
mechanical  advantages  and  its  convenience  as  compaied  with  spider-driven 
core  discs.  It,  however,  renders  efficient  ventilation  of  the  core  impossible, 
and  therefore  raises  the  maximum  working  temperature  at  full  load.  The 
discs  arc  further  held  in  their  places  by  end  plates  screwed  on  to  tlic  shaft 
and  locked  in  position  by  a  pinching  screw.  Tlie  "  Half  Section  on  E.  F." 
shows  the  details  of  the  pedestal  to  which  the  bearing  containing  the  oil 
chamber  and  the  lubricatin';  rings  is  boltnl. 

Both  the  above  madiines  have  been  "me  \tars  in  use,  and  therefore 
represent  a  somewhat  old  type,  but  they  were  built  in  accordance  with 
sound  modern  principles,  and  a  careful  study  of  the  details  given  in  the 
drawings  will  be  advantageous. 
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■odern  Machines  with  Interpoles.— For  similar  rtas..ns  to  \Uy>c 
which  obtain  in  dynamo  design,  namely,  to  assist  the  commutation, 
especially  whtni  the  conditions  arc  not  ailvantaRfous,  inlMi..-!.  ^  li.ivo  l't«n 
introduced  into  the  design  of  many  typ<s  "t  iontiniioii>  cuii.  nt  nioi.  -. 
It  is  not  necessary  to  recapitulate  here  the  argununts  whidi  I  !  ■  < " 
already  given  {see  pages  107  d  s../,)  for  their  use,  and  which,  to  a  great 
extent,  apply  unchanged  to  motors,  tlie  ditfeienri  s  on  the  rffert  of  armature 
reaction,  which  are  dealt  witii  elsewhere,  being,  of  (  (mi-r.  k.  pt  in  vi.  w. 
Leaving  over  for  the  present  the  cases  in  which  int.  ij-jUs  arc  not  u>e(l,  a 
few  examples  will  first  Ik;  Riven  in  which  they  wk  employed. 

As  a  good  example  of  a  modem  continuous  current  motor  of  thr  open 
or  unenclosed  tyiw  and 
using  interpoles,  Fig.  573 
shows  the  details  of  one 
of  the  standard  motors 
built  by  Messrs.  Mather 

and  Piatt,  and  Fig.  574 

gives  a  view  of  a  com- 
plete machine.    It  will  he 

noticed  that  the  yoke  ring 

is  of  simple  design ;  it  is 

made  of  cast  steel  of  high 

ix!rmeability,    and  has 

ample  cross- s<Kt ion  for 

the  magnetic  flux;  The 

feet  upon  which  the  motor 

stands  are  cast   in  one 

piece  with  the  ring;  The 

end   covers,    which   are  ,rA 

shown  separately  in  Fig.  573.  are  of  cast  iron;   1  he  magnet  cores  .,re 
lammated  and  are  boUed  on  to  the  yoke  ring,  the  pole  shoes  be.ng  .on- 
tinuous  w  th  the  cores.    The.e  are  four  mam  ix-les  which  are  ex.  .led  by 
aTunt  atrrent  from  leads  a  and  b,  which  arc  hn.nght  .uU  through  two 
bushed  openings,  one  on  either  side  of  the  ring,  and  close  t..  '1- - 
^  and  b.   This  enables  a  regulating  resistance  to  be  placed  m  the  exciting 
circui    There  are  also  four  interpoles  which  fulfil  similar  frmcti^^^^^ 
those  for  which  they  are  used  in  geneiaf.rs,  m  cmne.t..  n  w.  h  whi.h 
h.-rhavc  been  fully  explained  already  (loc.  cU.):      It  may.  h..w ever, 
be  remarked  that  such  p.les  are  more  useful  in  motors  than  m  genera- 
tors,  because  of  the  .n,>re  severe  cn.liti,.,^  of  wovk.ng  whu^h  have  b...  n 
already  all--  .ed  to.   The  interpoles  are  excited  by  the  current  which  !>..  -..  s 
throu/h  the  armature.    The  terminals  of  the  exciting  circuit  can  1.  ^en 
i0  ¥ig.  573.  and  it  wiU  b«  noticed  ttiat  one  of  the  main  leads  b 
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is  (lirictly  connected  to  one  o(  these  terminals,  the  other  terminal  lx;inK 
provided  with  a  ilcxible  lead  for  direct  connection  to  one  of  t!ie  brush 

tenniii.ils.    The  othur  main  liail  a  k'"':^  ihn'ct  to  the  Imi-lifs. 

Tlic  armature  is  of  tlic  >lotti<l  ty|H'  wiih  (nu:  vnitilatiiii;  iliii  t.  It  i- 
similar  to  some  of  the  ilynamo  armaturoT  already  dt-st  rihtd  in  di  t  lil,  and 
is  very  sul)stantially  built.  The  coib  arc  "  former  "  wound,  and  are  tinislu-d 
to  fit  the  machined  slots  exactly,  and  to  fill  them  without  the  slightest 
linsstin- ;  the  usual  i>r(K  (  >sis  t<>  ensure  absolute  freedom  from  moisture 
are  employed  in  their  constructi<»n. 

Tlic  brush  gear  is  carried  ujwn  a  collar  which  is  clamjied  upon  a  hub 

cast  on  the  commutatdr  end  cuver  c. 
Tliere  is  no  arranf,'enient  tur  rm  kini,' 
the  lirushes,  as  osviiij;  to  'lie  use  o| 
interpoles,  the  brushes  can  be  fixed 
once  for  all  in  the  symmetrical 
]H)sition  whidi  enables  tlie  motor  to 
lie  run  in  cither  dir-.-ction.  Tlie 
brushes  are  of  carI)on  in  the  special 
form  of  brush  liokler  designed  hy 
the  maki'is,  some  of  the  details  ot 
whidi  can  be  made  out  in  V\\x.  573; 
it  is  of  the  lx)x  tyjx!,  with  tlexililc 
conductors  acr(>ss  the  loose  jf)ints. 

At  the  (•(^niiiu  ator  end  the 
shaft  runs  in  hall  lH.ajings,  which 
are  grease-lubricated,  thus  avoiding 
ihe  trouble  which  arises  in  some 
)attenis  of  motors  throuf,'h  the 
lubricating  oil  leaking  through  to  the 
commutator.  At  the  pulley  end 
the  cover  d  is  designed  for  oil-ring  lubrication  of  the  Iwaring,  but  the 
oil-channels  pro\  ided  ensure  that  there  shall  be  no  oil-flinging  or  creeping 
towards  the  armature,  e%en  at  the  highest  speeds. 

The  jiarticular  motor  illustrated  in  Fig.  574  is  one  only  of  a  standard 
hne  of  motors,  of  which  twelve  different  sizes  are  built  with  outjiuts 
ranging  from  1-5  to  105  n.  11.  i\  and  normal  speeds  from  240  to  i,0(jo 
K.  P.  M.  The  windings  are  for  one  of  four  standard  voltages,  namely, 
no,  220,  440,  and  500  volts.  The  limit  of  temjierat'ire  rise  is  75" 
Fahrenheit  (42*  Centigrade)  after  a  run  of  six  lunirs  v.  full  load,  but  the 
ni'  i"is  will  stan(i  a  \\'y  cent,  overload  fcr  t'\o  houir.,  and  will  run 
momentarily  with  100  jior  cent,  overload  without  sparking. 

The  above  motor  has  been  described  very  fully  a;i  a  typical  motor, 
wliicir  has  many  features  in  common  with  all  good  motors  of  modem  design. 
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In  subsoiiucnt  descriptions  it 
will  not,  therefore,  be  neccs- 

-,iiv  to  refer  to  these 
li  Mturcs  with  the  same  detail. 

For  comparison,  both  as 
ti>  jiiiints  of  reseinblanre  and 
l>iiiiits  iif  difference,  Imk-  575 
~hiiws  ll'.i;  earcase  of  a  foiir- 
[Mile  standard  nvJtor,  as  built 
hy   Messrs.    Siemens  Bros. 
IHnanio  Wurks.  Ltd.  Here 
af,'ain  the  lainiiiated  cores  and 
ix)le  shoes  are  continuous, 
and  are  bolted  to  the  magnet 
Iranio.     Intcrpdes  also  are 
used  to  secure   t;<)od  com- 
mutation with  fixed  brushes, 
but  they  are  not  usually 
-upplied  with  machines  of  a 
less  output  tlian  15  b.  h.  p. 
at  900  R.  P.  M.  The  standard 
sizes  ran^e  from  0-25  B.H.P.  at 
700  R.  i>.  M.  to  150  B.  H.  P.  at 
7.S()    R.  V.  M.,    the  normal 
s[«.'ds    varying    from  340 
R.  r.  M.  to  2,700  R.  F.  M. 

As  a  further  ex.implc  of 
a  modern  interpole  motor, 
one  of  the  standard  inter- 
l)ole  motors  of  the  Lancashire 
1  )\  namo  and  Motor  Company, 
Ltd.,  >hown  di^Miuntled  in 
Fig.  576.  These  motors  are 
built  in  twelve  different 
standard  sizes,  and  are 
six!cially  designed  lor  each 
motor  to  have  a  very  wide 
rauj^'o  of  speed;  in  fact,  tlu-y 
lu  long  to  tlic  class  of  motors 
which  may  be  fairly  des- 
cril)ed  as  "  variable-si)ecd  " 
machines.  For  this  purpose 
interpoles  are  introduced  into 
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the  smallest  sire,  in  which  the  power  handled  may  be  as  low  as  0  5  B.  H.  p. 
with  a  speed  variation  of  from  200  to  800  r.  p.  ¥.,  or  as  high  as  4  B.  H.  P. 

with  a  sjK'cd  variation  of  from  1.530  to  z.Z'M  r.  p.  m.  In  the  hirgt^t 
standard  size  the  p^wer  may  vary  from  16  a.  H.  p.  at  110  to  4^  0  r.  p.  m. 
to  80  H.  p.  at  524  to  1,100  R.  P.  M.  Similar  machines  with  six  pokt  are 
built  up  to  Z40  B.  H.  P. 

The  magnet  yoke  is  of  cast  steel  with  solid  cores  projecting  inwards, 
but  with  laminated  pf)le  pieces,  the  shaixj  of  which  ran  be  readily  made 
out  in  the  figure.  In  the  six  largest  sizes  the  magnet  frame  is  split  along 
the  horizontal  diameter  as  shown,  but  in  the  smaller  sizes  it  is  contin'wus. 
Swivel  bearings  :ire  used  carried  as  shown  in  the  figure;  they  are  of  the 
self-<jiling  type,  with  oil  rings  and  oil  wells,  the  latter  being  provided  with 
overflows  to  prevent  over-filling.  The  armature  Mbstantially  built,  and 
is  of  the  cylindric-barrcl  type ;  it  is  well  ventilated  and  provided  with  a 
large  commutator.  The  commutator  heaiing  is  carried  by  a  two-armed 
bracket  projecting  from  a  circular  ring  attached  to  the  magnet  yoke  by 
four  bolts  equally  spaced,  so  that  in  whatever  position  the  motor  has  to 
be  fixed,  the  oil  well  may  be  upright.  Details  of  the  brush  gear  and  the 
txciting  ciiils  will  be  given  later. 

It  has  been  remarked  more  than  once  above  that  the  standard  machines 
described  are  built  in  many  different  azes  for  a  very  wide  range  of  powers 
and  speeds.  It  is  shown  elsewhere  (s^v  Section  VI.,  page  64r  et  seq.)  that  the 
speed  depends  ujx>n  the  supply  voltage,  the  windings,  and  the  field  excitation, 
as  well  as  upon  the  load.  Hence  carcases  of  a  particular  size  can  be  wound 
so  as  to  give  machines  capable  of  running  at  different  speeds  under  different 
loads  when  supplied  with  energy  at  various  voltages.  On  the  other  hand 
as  the  size  of  the  carcase  is  changed  without  changing  the  typo,  the  above 
ranges  of  conditions  under  which  it  becomes  available  necessarily  change, 
though  the  machines  of  one  size  may  overlap  those  of  another.  It  will, 
therefore,  he  interesting  to  coiisidei  cue  or  two  examples  of  standard 
motors  in  connection  with  the  actual  dimensions  of  some  of  the  different 
sizes. 

For  this  purpose  there  is  given  in  Fig.  577  a  section  of  the  carcase  of 
an  enclosed  interpole  motor,  as  constructed  by  Messrs.-  Bruce  Peebles  and 
<  ■  >.  The  principal  dimensions  are  inserted  on  the  drawing  for  three  different 
sizes  of  the  machine,  known  as  the  C  10,  C  12,  and  C  14  sizes  respectively. 
Of  these  sizes,  C  lo  can  give  from  12  to  60  b.  h.  p.  at  speeds  varying  from 
1S5  to  800  R.  P.  M.  ;  ize  C  12  can  give  from  25  to  130  H.  H.  P.  at  speeds 
varying  from  225  to  875  r.  p.  m.,  and  C  14  can  give  from  47  to  210  B.  n.  p. 
at  speeds  varying  from  230  to  760  R;  P;  M.  All  the  dimensions  are  given 
in  millimetres  125-4  '  'n.  =  i  in.).  The  outside  appearance  of  the  motors 
is  shown  in  Fig.  578,  in  which  some  additional  dimensions  of  the  different 
sixes  are  given.  The  machines  bdng  bmilt  by  the  same  manufactorars  as 


RBlATtrM  DwKKSioirs  or  Motoks  of  Samk  Th  k 


S«7 


he  i^.noratur.  of  which  details  arc  given  in  Plate  I.,  it  will  be  Iwlh  an 
interesting  and  instructive  exercise  for  tlie  student  to  conipare  the  eone- 


sp.  luling  details  in  the  two  types,  the  differenre  oi  the  power  to  be  trans- 
formed ill  the  different  cases  1=;  iitg  l«)rne  in  mind; 

To  form  the  cover,  extensfons  are  fitted  o..  to  the  casting,  which  cob- 
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Stitutcs  tlic  vi>kr  riiii;.  icicliitii,'  .1-  l.ii  .1-  tin-  middle  d  tin-  li.  aiiii:  :ind 
complcUly  ruviiiiif;  tin;  conmiiit.itur  in  a  loiml  last-,  in  wlikh  tlierc  aiv 
large  openings,  which  can,  however,  Ix?  coverinl  with  |)iTf<>ratc«l  or  con- 
tinuoiis  covfrs,  as  may  U-  iciniircd.    TIu  m"  i-m,  ,d>i.  .  .ury  tlit;  Ik  .u 

itlKS.  (or  wliii  h  tht'R-  .lie  110  M  paiatc  in  d.  -taU,  Tin-  ..p,  niims  (.in  \hi  iik  i, 
or  Kss  coniplftcly  closed,  l.nt  ilicsi-  nu-loi-i  ai.'  11.. t  int.  iidcd  to  lio  hcnnflic 
ally  scaled,  Imt  only,  when  mwt  closed,  ordinarily  (hist  pmof.  Wli.  ii 
nM>st  ojicn  the  excess  tcmiwrature  at  full  load  does  not  cxreid  70'  1  .  ( (  ) 


Fig.  573.-0..,  .,.1,.  \  ifW  Oii)ieiisiune(.l  for  Thtte  Sizes  cf  "^ixirnLinl  I  r.tti  [i.  i!c  .M.  i  t 

hilt  when  fully  cnrlnsid  lids  i-xcc^s  tomiKraturo  rises  t.>  90  F.  (511^".) 
al".\c  llu'  tcmi'iiaturc  (it  tlic  suirouiulings. 

For  the  largest  size  the  armature  con;  510  mm.  i  im  lics)  lone, 
and  there  are  four  ventilatinR  ducts  runninj,'  tlucn^'li  the  core  plates,  whi.  h 
extend  nearly  down  to  the  shaft.  The  outbid.!  diameter  of  tin;  core  disis 
varies  from  313  to  515  mm.  (ii  tj  to  zwz  inches)  for  the  different  sizes, 
the  nunilHjr  of  discs  used,  and  therefore  the  axial  length,  heinf,'  also  increase(i 
as  the  size  increases.  The  over-all  length,  witii  .1  liheial  allowance  of  sii.ilt 
for  the  pulley,  v.iik>  Irom  1,30ft  to  i,.S05  mm.  (31.5  to  73.5  inches).  It 
should  be  noticed  tliat  the  laces  of  the  magnet  poles  are  laminated,  and 
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liiivf  an  .»xbJ  lengtli  riH her  less  than  IIihI  <>f  Hit  ron 
..Ml  nil  ;in»|4c  oil  8i>ate  few  V>n^  run*,  »iul  drain  <  i 
it  iii'ive  tlie 

s|i«'Ht  oil  when  r 
necessary. 
Ihe  rarrasps 
^liciwii  in  I'U'. 
57^  laii  If 
used,  as 
iIh  miIv  siMi  i- 
ii.il,  lor  slow 
(ir    .1,  'lerate 

<  \,il      !       >t  I 
-,1,1111        '     III  ■ 
tir|x  .•    i:-  ' 
w  i  t  h     t  li  f 
)i  r  i  n  t  i  |>  a  I 

1  i  incii-ii'iis 
added  l"r 
three  different 
;-izeS  is  f;iv(li 
in  Fifis.  579 
and  580.  These 
(iipict  tlie 
standard"!!." 
,m.l  ■•  11.0." 
motors  Imill 

jiv  the  Brusli 

i:  1  (•  <•  t  r  i  f  a  1 

!■  ll^^i!lt•^•^in^ 

I  iim  p  an  y . 

Ltd.,      o  I 

I-  o  u  K  h 

1)  o  r  o  u  K  li  . 

Lcii  oliTshirc. 

l  it,'.  579  gives. 

ill  its  1(  ft- 
liandside,  lull! 

an  end  view 

of  the  mot(>r 

from  the  com- 


T!i<'  Ik  ,11  iims 
to 


a 

X 
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miifator  end,  and  in  the  lower  part  on  the  right-hand  side  a  view  with  the 
bracket  and  brush  gear  removed.  The  upper  part  on  this  si*  is  a  section 
through  the  inagnotic  circuit  showing  the  yolce,  core  asid  pole  face  of  the 
magnet,  and  the  slotted  iron  of  the  armature. 

Fig.  580  shows  two  longitudinal  sections  through  the  axis  of  the 
macliine.  The  upper  half  section  passes  throu^  the  centre  of  one  of  the 
mam  magnet  cores,  and  the  lower  half  section  passes  through  the  middle 
of  one  of  the  interpoles.  Both  sections  give  details  of  the  armature  and  its 
ventilation,  of  llie  comimitator  and  the  brush  rocker,  and  of  the  ball 
bearings,  the  races  for  the  balls  king  clearly  depicted. 

The  yoke  of  these  motors  is  of  cast  steel  and  the  tjoIc  cores  and  faces 

of  high  })crmeal)ility  slanip 
ings  of  the  sliajK,"  shown. 
The  relative  sizes  of  the  main 
poles  and  interixilcs  can  be 
made  out  approximately  from 
tlic  drawings,  and  it  will  Ix! 
noticed  that  the  latter, 
besides  hein^  very  narrow 
(24  mm.)  jiarallel  to  the  gap, 
arc  axially  much  shortei  tlian 
the  main  poles,  being  only 
75  mni.  as  against  136  for 
the  main  ]x)Ies. 

To  avoid  confusion  in  the 
dimensions,  which  are  all  in 
millimetres,  trijJe  sizes  are 
.  only    given    for    the  chief 

dimensions  and  the  single  dimensions  have  retercnce  to  the  smallest  of 
the  sizes  dealt  with  in  tlie  triple  numl)ers.  This  smallest  size  (H.O.  9) 
is  rated  tc  give  from  5  to  15  b.  h.  p.,  at  sjiccds  varying  from  420  to 
ijji  R.  p.  M.  The  next  or  intermediate  size  (H.O.  15)  gives  from  17-5  to 
40  n.  n.  at  400  to  760  r.  p.  m..  whilst  the  largest  (H.O.  40),  which 
is  the  lar^.  st  of  the  standard  sizes,  gives  from  45  to  100  B.  H.  p.  at 
350  to  670  R.  p.  M.  Tliese  motors  arc  wound  for  two  standard  voltages, 
namely,  250  and  460  volts.  It  is  claimed  for  tlie  ball  bearings  that 
they  reduce  tlie  fii.tion  losses  to  a  minimum,  and  thus  materially 
nu  i  .  ase  the  efficient  y  of  tlic  motor,  more  es})ecially  on  light  loads,  and 
that  they  also  substantially  shorten  the  length  of  the  shaft,  and  thiis  enable 
a  more  compact  machine  to  be  built,  a  point  not  without  im])onance  where 
sjM  (  is  limited.  Tlio  external  appearance  of  the  open  (protected)  type 
(H.O.)  is  shown  in  Fig.  581.- 

Ilodeni  Machines  wlthont  Interpoles.— A  little  consideration  will 
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4iow  that  the  adtUtion  of 
interjioles  in  the  motors  des- 
cribed above  must,  in  any 
case,  add  to  the  cost  of  a 
machine  of  a  given  size  of 
rarcase,  although  there  are 
counterbalancing  advantages 
which  may  be  worth  paying 
for  in  this  way.    In  large 
machines  the  increase  of  cost 
is  not  a  serious  matter  when 
c  ompared  with  the  advan- 
tages obtained,  bat  in  small 
iiiiichines  this  may  not  be 
the  case,  especially  as  the 
difficulties  of  commutation 
arc  not  so  serious,  and  <":uite 
good  commutati(m  in  such 
machines  may  be  obtained 
by  careful  attention  to  small 
details  of  design.    It  was 
remarked  above,  in  connec- 
tion   with     the  Siemens 
standard  motors,  that  inter- 
]X)les  "  arc  not  usuallysupplied 
with  machines  of  a  less  output 
tlian  15  B.  H.  p.  at  900  r.  p.  m." 
For  sizes  smaller  than  this 
the  necessary  results  can  be 
attained,  under  ordinary  con- 
ditions, without  using  inter- 
jx)les,  though  if  the  con- 
ditions   are  exceptionally 
severe,  and  llie  direi  lion  <>f 
the  rotation  (j1  the  motor  1- 
to  be  reversible,  interpoles 
are  required  even    in  the 
.-mailer  sizci. 

Generally,  it  may  be  said 
that  if  a  machine  is  required 
to  nm  in  either  direction 
with  fixed  brushes,  or  to  run 
at  miAy  dx^ermt  spteds  or 
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to  nin  unilcr  widely  different  and  rapidly  clian^'inf,'  loads,  it  will  he  desirable 
to  introduce  interix)les  down  to  much  smaller  sizes  tlian  would  other\vise 
be  necessary.  For  very  small  motors  intopoks  arc  found  not  to  he  worth 
tlip  rost  of  introducing  them,  and  a  large  number  of  standard  motors, 
running  sometimes  to  sizes  which  can  scarcely  Ik;  called  "  small  "  are  still 
built  without  interixjles.  Sumo  of  these  will  now  l)e  des(ril>ed.  Tlie 
larger  sizes  have  usually  four  pules,  but  sometimes  six  ix)les,  whilst  the 
smallest  have  two  jx)les  only ;  four-pf)le  machines  will  he  dealt  with 
tirst. 

Four-Pole  Motors. — From  the  great  nunibcr  of  inaehines  built  it  is 
diflicalt  to  make  a  selection,  but  as  it  may  be  useful  to  compare  the  two 
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types,  Fig.  5S2  shows  di^inanili  il  a  standard  foiir-jMile  motor  built  by  the 
Liincashire  Dynamo  and  Motor  Company,  the  same  firm  which  builds  the 
standard  intrrpole  motor  shown  in  Fig.  576.  The  machine  illustrated  in 
Fig.  582  is  e\  i(li  riily  a  sinallt  r  one  than  that  dealt  willi  in  Iml;.  57^).  The 
standanl  sizes  ol  tlie  machines  now  under  discussion  aie  lliirteen  in  iiuiiiiier, 
tlie  smallest  size  having  a  range  of  output  from  0-3  b.  h.  p.  at  200  R.  P.  M.  to 
V5  n.  H.  p.  at  1,870  R.  p.  M.,  and  the  largest  size  a  range  from  17  H.  H.  P. 
,ii  115  k.  P.  M.  to  no  R.  H.  p.  at  720  K.  p.  M.  Tlie  actual  dimensions  vary  from 
Zi\  by  -'-  by  inches  high  to  1\  4.''  liv  4^}  iix  lics  liif,'li,  and  the 
external  diameter  of  the  magnet  rings  Irom  14^  inches  to  35^  inches  ;  the 
weights  v.iry  from  yrn  lb.  for  the  whi  le  machine  and  fto  11).  for  the  arniattire 
in  the  smallest  ■-i/i ,  to  !l>.  toi  the  who'c  machiuc  .itui  1!'.  t"i  llie 

armature.  Tliese  tigiucs  will,  it  is  ln'jK'd,  give  some  idea  ol  the  lange 
covered  by  a  single  line  of  standard  motors,  and  will  emf^asise  the 
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difficulties  of  stand.iidi>atiun  to  which,  in  the  cas.-  of  dynamos,  reference 
has  been  made  elsewhere  (s«  page  201). 

The  machines  are  in  many  respects  similar  to  the  intir|x«le  machines 
already  descrilxid,  and  only  one  or  two  points  need  mentioned.  Tlie 
l>cariiif,'  sup])orts  and  the  commutator  end  ^eeii  imi  the  left  "t  l  ij,"  5^2. 
and  the  end  plate  on  the  right  are  each  attached  to  the  magnet  Ir.iiiie 
by  four  bolts  so  spaced  that  the  machine  may  Iw  fixed  to  tloor,  wiill. 
..r  (-eilins,  as  may  lie  found  necessary.  In  the  six  lart;est  sizes  the  field 
iramc  is  split  across  the  horizontal  diameter  for  rnuvfiiience  of  handling, 
inspection  and  repair. 
Some  additional  details 

i)t  eonst  ruction  will  be 

L;iven  later. 

Quite  as  much  for 

|K)ints  of  similarity  a; 

will  as  fi'r  {loiuts  ol 

(litfeicnce    the  next 

machine  selected  is  of 

American  manufacture, 

U  ing  a  machine  built 

l.y  the  Crock'jr-Wh'  elcr 

Company,    of  New 

lir>ey.     It  is  shown 

(hMiiantled  in  iMg.  583, 

with  all  its  parts,  even 

to  liie  smallest  details 

of  liolts  and  w;i.shcrs, 

separately  displayed, 
riic  reader  will  hud  it 

useful  to  identify  these  ■  .    .   .,  11, 

details,  and  to  compare  them  carefully,  where  possible,  with  similar  details 

in  the  other  machines  illustrated. 

In  these  machines  .  ist  iron  is  used  for  the  frame,  but  the  magnet 
coftsare  of  steel  east-welde.l  with  the  frame.  ri>.-..  eure-  ,nv  ut  rucul.ir 
eross.seclion,  and  the  i>olar  extensions  and  the  laie  are  provi.led  by  a 
,„,le  shoe  which  enrirrles  the  core,  the  end  of  which  itself  forms  part  of 
Ihe  iH.le  f.u-e.  On.  ..f  th.^e  p.).-  shoes  will  Ix'  se.n  separately  at  P  on 
,he  extreme  left-hand  side  of  uie  figure.  Iher.^  are  mx  standard  frame 
^i/es  L'ivinf,'  motors  with  outputs  ranging  from  3  »•  n.  p.  at  535  t'. 
1070  K  P  M  to  >S  B.H.P.  at  700  to  I.4.H.  R.P.M.  Mnaller  outputs 
lie  de.dt  with  l.v  two-i^.ie  m.uhin.'S  to  Ix-  discriN'd  pn-seutlyi 

A  nK«t  interesting  depart. 11.   in  ,untnuiou>  .unent  ui-tor  .l.-.^n  h;n, 
iK-eii  n>ade  weeiiUy  by  the  J.-L.  Maiiulaciuring  Company,  of  s.,uthall.  m 
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Fij;.  585. — I^aniinati-il  I'ores  and  Pole  Fates  of  the  Liinttell  Motors. 


connfction  with 
the  Lundell 

motors.  Kailiti 
patterns  of  tfiese 
motors  of  the 
iiiultiiiolar  ty|)e 
Well'  fully  (If- 
s(  riix-il  in  the  last 
edition  of  this 
l>(M)k.  Tlioy  also 
hail  many  in- 
teresting features, 
such  as  monocoil 
i  xc-  i  t  a  t  inn  and 
|ir<  nli.iily  shajM  d 
(Mies  and  ix)le 
shoes,  but  as  they 
arc  not  now 
nianufac  tiirc<l. till- 

interest  has  become  Instorical.  The  two-pole  pattern,  however,  is  still  on 
the  market,  and  will  be  described  presently. 

Tlio  ncsv  developments  have  rt  ferrnrc  to  llu'  iinin  (i\  t  ni<  nt  of  tlic  ni:i,L;iu  tii- 
circuit  \iy  the  use  of  liigh  ]XTnieal)ility  sheet  iron  for  tlic  magnet  ((nes  and 
yokes  instead  ol  the  cast- 
iron  or  cast  mild  steel 
which  is  now  so  largely 
Used.  It  should  be  noted 
that  this  object  of  using 
laminated  material  is 
different  from  that  for 
which  it  is  primarily  used 
in  the  armature,  wlure 
its  chief  effect  is  to  kilJ 
the  eddy  currents  set  up 
by  the  rliaii^'in},'  altt  rnal- 
ing  magnetic  thixes. 
However,  even  in  the 
field  nKi.i,'n(  t  jiart  of  tin 
magnetic  circuit  lamina- 
tion will  facilitate  the 
working  of  the  motor 
with  changing  loads, 

especially  in  scries-  and  ,ii6.-Fi<u  mi«i»u  <tf    UaM  m. 
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coniivitmd-wmind  ina.liiius  in  which  the  setthnu  down  to  Iht-  now  ii>n- 
ditions  ol  .1  f^ivLii  <h;in{,'<'  of  excitation  may  Ik-  retarded  l.y  tddy  currents 
in  the  C(»rcs  ;inil  yoki  ^. 

Turning  to  details.  Fig.  5S4  shows  a  Imilt-up  yoke  Iin^^  of  on.-  .  f  tlu  -f 
modern  Lundell  motors.  Tlic  method  of  clami>inf;  the  lamination-  tiimly 
t(.^'^•llll■r  without  iiicrcin^'  tliem  witli  any  holes  t.iii  Ix-  nMitily  made  onl, 
and  the  substantial  diaracter  and  riijidity  of  tin  .l<-it;n  .liould  l>c 

noteti.    The  laminated  core  and  pole  la.  e  is  slioun  in  I  ;       -'  ""P- 

for  these  are  in  one  \mcc  and  are  clami)ed  together  Uy  a  -n»«l«'  U>lt 
1„  twei  n  m.'ssive  end  jilates  sufficiently  thick  to  pn)vide  enou^-li  material 
to  j^ive  a  hrm  ^n]>  to  the 
|iolding-on  l>olts  »  b,  which 

|Mss  through  holes  B  in  the 
iMul  plates  used  for  clami"- 

iuf;  the  yoke  lamination- 

(Fig.  584).     The  coniplelr 

luld  magnet  is  shown  in 

Mk'.  5^6  ^^i"'  exciting 

I  oils  in  |)osition,  and  the 

motor  itself  is  shown  in 

F'ig.  587  equipped  with  the 

>|)e(ial    brusli    gear  and 

iit;ging,   which    arc  fully 

descrii>ed  elsewhere.  The 

MM' hiue     shown  covers 

a   floor   space    2.5  inches 

wide   by  27   inches  long 

over  bearings,  and  is  2j 

inches  high ;   it  has  an 

output  of  30  B.  H.  P.  when  running   at  <j5o  r.  p.  m.  on  a  440  -  volt 

circuit. 

Tuv-Polc  Molars.  For  the  sinallel  sizes  of  motors,  as  lia-  .idy  been 
stated,  two-i)ole  machines,  of  which  there  is  a  great  vari(  ty,  aie  extensively 
employed,  ami  We  illustrate  in  Fig.  588  a  well-known  and  wi<lely  us.d 
pattern  of  this  tyjie.  The  machine,  whirl,  i-  shown  partly  dism.tntled,  is 
,.ri.  of  a  standard  line  built  by  Messrs.  J.  11.  Holnus  ami  Co.,  of  N.  wc  .istle- 
ipon-TyiJC.  Tlie  magnet  y«>ke  or  frame  is  very  substantial,  an.l  1-  ni,ule 
,it  cist -iron,  \\h\Ut  the  cores  and  p>le  faces,  cmc  of  which  is  shown  at  A 
are  iniilt  upof  soit  steel  stampings  of  high  iH-rmeability  :  these  cores,  which 
are  of  rectangular  section,  are  bolted  to  tl,e  vdii.  ,d  -id.-^  of  the  li.mu', 
the  magnetic  (lux.  therefore,  being  horizontal,  liu-  armature  coils  are 
"  former  "-wtmnd  with  insulated  wire.  tajK-d  and  then  j.laced  in  the  grooves, 
in  which  th«f  are  held  by  strips  of  hard  insulating  ntaterial  on  the  top  ol 
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the  sbtt,  aad  aataiB  tese  by  steel  binding  wires  lying  in  grooves  on  the 
armature  core.  Steel  binding  wares  also  firmly  *«iire  the  end  connectkiw. 
The  ( onijilfted  armature  is  in  a  vacuum  and  imprcpnated  with  vam»h 
alter  being  wound.  The  whole  armature  tan  Ik  nnu'vcil  from 
machine  l>y  takinij  off  the  cap  «i  the  commutator  end  and  removing  the 
top  bolt  at  the  pniley  end.  IiuliULti—  for  d^if  this  appear  on  the  cap 
ri  krrcil  tn.  Tlie  end  plate,  it  will  be  noticed,  rests  in  the  frame,  and  i> 
made  last  by  the  above-named  top  bolt.  The  terminals  are  mounted  at 
the  top  of  ^^tt  MMtPhtne  nta  protKttwe'CMing. 


u.  _     .  .       ..  _  .  ..^  .  --^ 

r«.  jjlftii-Haliim  "Cm*"  VfUyinl  'l«n>#'ek  M«ar. 

T%i»%  are  Alter  staamfafd  fraiBe  <iees  ;  the  smallest  (4.  G.)  has  over-all 

(iiincn^   ns  of  17I  by  12^  by  15J  inches  hit,'!],  and  outputs  of  about 

1  B.  H.  !•  .it  R  M  or  less  or  more  at  lower  or  higher  speeds,  and  tlit 
largest  0.  U.)  »  2^      ^  bv      indies  high,  wkh  outpsts  varying  ivum 

2  to  3  B  p.  ■  at  a&^*ut  f  juj",  r.  p  » 

An  estmriy  ddkrem  'y^-  <if  bipolar  machine,  the  "  Lt»M."  with 
■mweoS  e»;itatic*.  nas  Detn  manufai  tun  li  fnr  many  years  y  W.'  .im< 
tmm,  MemK.  }..  H.  i8ielme<:  and  Co.,  and  it  ta  still  one  d  tmx  staadatd 
lypdi-  In  mmif  re«i^inpts  th«  machine,  a  sectional  drawiaic  s(  wtnefc  s 
iTV'ti  •  I  itc^i^M  uniyp.  %e  field  majrnel  is  exeited  l-v  a  ^mefc  oil,  but 
a««  u)  -n<-  amm-  pMttifm  a«>  the  coil  in  the  Forbes  .4yn.imo  (Fig.  477,  V«i.  I.). 
Mm  ^Hr&mcl^  aKi(@r  the  axis  of  iht  eadti^      m^n  mif  a  sia^  wglf 
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of  about  15'  wiA  the  shaft  of  the  armature,  and  the  axial  rinx  (>(  the  sotaaoiA 

is  twisted,  >o  a>  to  piiss  ninro  in  the  usual  dirrrtinn  thmuKli  the  armataw 
iron,  which  it  traverses  Iwtween  the  two  ixiU  s  p,  antl  Pj.  shown  vertirally, 
top  and  Ixittom,  in  the  section,  and  enilM.Kiii^'  .iboiit  So  per  rent,  of  the 
whole  circumference  of  the  armature.  The  Ilux  is  thus  skewed  at  an  angle 
to  the  solenoid  axis  in  a  curious  manner,  and  the  return  circuit  is  fDrmed 
by  the  outer  caang  of  the  motor  by  two  sets  of  paths  between  the  rcgiuns 
A|  and  A<|. 

The  relative  poutkna  of  fidd  mgaet  and  armature  and  the  e».itmg 


Flf.  j«^-<!«clion  of  n  !"H>.  "L»!Kl»ir'  Bipolar  Mo««c. 


coil  of  the  field  magn«t  are  stlU  more  dearly  siiown  ii.  Fit;,  ifp.  in  which 
tlie  armature  and  shaft  are  printed  in  the  ordinary  wav,  and  the  rest 
of  the  machine  -inchidinf;  the  field  maKr.rt.  bni>lu  ■  imp.'  .  etc  ^ 
printed  litjhtly,  so  as  to  apix-ar  in  their  pi.>p«r  positions  ,ls  ii  tl.fv  «■« 
translucent. 

The  irmatuif  is  a  drum  armature,  with  overhanging  teeih  which  Ix.ld 
the  conductors  m  place  without  bindmj;  wires.  The  commutator  is  s-hU- 
^anlially  built,  and  off.  is  ,i  -ood  l>earing  surla.  c  to  the  c  ,,!«■. i  Ini  ■ 
iisi^.  which  arc  hekl  in  l)rush  holders  attached  to  the  fiaiiie  without  .my 
rorkinr;  gear,  so  that  the  position  of  these  bruriies  is  fixed,  and  is  the 
saiii.-  ior  all  loads. 

Tiie  casting  is  in  two  parts,  ynme^  together  in  a  vertic;u  plane,  each 
part  carrying  one  of  the  pole  piece*  fderred  to  ^ewe.   To  get  at  the 


wilt 
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interior  for  rxamination  or  repairs  the  rlamping  Imlts  can  he  removed, 

and  tlic  tsvu  ]);irts  scpariifrd.  A  rrft  n-ncc  to  l-'i^.  sSg  >lio\vs  tliat  whrn  tin 
motor  is  so  tii'atid  tlu-  rxcitinn  coil  can  l)c  readily  withdrawn  and  rotorcd 
to  its  ])osition. 

As  is  now  very  common  in  electric  motors,  the  lubrication  is  by  two 


Fii;.  "^QO.--  1  he  Hotinr 
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rings  moving  in  au  "il  icscrvoii  iittod  to  lach  U^aring,  and  thcivfore, 
thf  motor  iii.ty  W  ixih  i  t.d  run  for  a  I.)ng  period  without  attention 
on  this  score.    Other  »lei:iils  f     i.isiij  Iw  mode  out. 

The  motor  was  built  in  varimis  size*  fro.  .  \  to  lo  b.  h.  p.  and  at  sixcds 
Viirviim  Iroin  i.ti  -  i  .  1,000  i-.  y  m  'mi  all  standard  voltaf^'cs  Ironi  kkj  to 
51H)  volts,  exo  ■  I  I'l.ii  he  -  lallf  .mzi>  up  ti.  \  B.  H.  i*.  were  not  wound  lor 
voltage  above  t-  i  voit^.   la  uie  turms  now  us»ed  the  outer  carcase  has  bew 
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somewhat  m-ulilud  from  tli.a  Mm.wii  iu  ttio  l;ist  fi.i,'urc  by  the  extension 
uiiwards  ot  the  brackit  at  the  ...imnut.it.ir  etui,  s..  .is  ti>  form  u  m»re 
itfectivc  protection  to  the  bnisli  gear  and  terminals,  and  c.>m|>letely 
nulosinK    the  latter  and 
the    connt'itioiis    to  the 
maj;nftising    coils.  Tliis 
can  lie  seen  by  an  insix  c- 
tion  of  the  sectional  viow 
in   Fif,'.  SJ^').  '">t 
nil  lie  clearly  shown  in  Fij,'. 
591.  which  is  an  external 
view  of  the  prcMJnt  (1912) 
h  rni  with  one  of  the  cover 
(1,  ors  at  tiie  commutator 
end  open. 

Small  Motors.— 

Klci'trii  motors  of  (luitc 
>i,iall  i>owt'rs  are  so 
serviceable  and  are  now 
so  widely  uscil  that  their 
ilfsieii  is  often  specialised 

and  differs  in  .nany  mechanical  d.  lails  from  that  of  larger  machines, 
ol  the  machmcs  just  described  are  built  down  to  su.  h  snnll  p>wers.  but  it 
will  be  interesting  to  refer  to  a  few  siHx:ial  d.-igin. 

Tlu-  ••  Form  1  "  type  ol  continnons  current  motors  made  by  the  Crocker- 
VVlHcler  Company  furni>l>es  a  iUustration  of  a  series  of  mof.rs 


til!-  »i  --rhe  HuliMi  "l.umtaU  '  M.n.  f. 


Sonic 


tor  small  p.  ...  rangmg  Irom  0-05  f.  7  5  u-  ^\  at  -in^ds  ^^^^ 
440  to  1.875  R.  P. «.   l'he.-e  are  nine  standard  sizes ;  the  sixth  m  order 
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h  shown  dismantled  in 

Fig.  592,  and  scrtinnal 
(letails  oi  the  next  largt  r 
size  are  given  in  Figs. 
593  and  504.  It  will  !«• 
noticcil  (\-\^.  594)  tli.it 
the  f,'ifatir  part  of  tin- 
magnet  core  is  cast  in 
one  piece  with  the  y«ikfi 
fr.imc  which  onclox  > 
the  machine.  The  jxiK' 
shoes  are  laminated, 
and  have  long  horns, 
embracing  in  each  case 
tiie  greater  part  of  the 
semi-periphery  of  the 
armatuve,  and  opening 
out  from  it  towards  the 
pole  tips ;  the  btanipiiins 
are  shaped  to  project 
backwards  from  the  pole 
face,  so  as  to  lengthen 
materially  the  cast-iron 
core.  Their  shape  can 
be  seen  at  a  in  Fig.  592. 
and  al-^o  '■•\  section  in 
I'iK-  59J  .  they  arc 
attached  to  the  core  by 
two  substantial  screws 
with  countersunk  heads, 
and  hold  the  magnetising 
coils  in  place.  The 
armature  is  drum-wound 

ith    "  former "  coils. 

he  end  connections 
lying  over  one  another 
in  a  manner  which  may 
be  allowed  in  such  siii.dl 
machines,  but  wliich  has 
long  since  been  dis- 
carded, for  reasons  pre- 
viously f,'iven,  in  laiLjrr 
ones.  The  commutator 
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,FiR  ,93)  fa  rimpiv  h»t  substantially  built,  an.l  .hr  l  n..h  «.>ar  is  aU.. 
,„o  maKnetisiuR  co.ls  and  i«.lc  ahoe.  in  p«.ti.m.  and  w.th  the  end  shteM. 


removed  is  9ho^^n  m  F.^.  595.  a.»d  external  views  of  three  si«»  of  the 

;x:nTut  it'o  ::tt>rB: «: f^Jl^  k.  ; «.  m  the  two 

list        the  laminatod  shoe,  are  dfapen«d  with  «.d  the  pcies  are 


Hit.  sA- 


cast  solid  w.th  tin.  iran.e  ;  instead,  the  slots  are  semi-dosed,  thus  assisting 

STS^ple  of  s.naU  bipolar  motors.  Fig.  597  sUows.  l-'lv '^s. 
n^antld.  a  motor  of  this  type,  which  is  one  ol  a  standard  Una  made  by 


MCtOCOPV  mOUITiON  TKT  CMAIT 
(ANSI  onrf  no  TiSr  CHMir  N«.  2) 


6oa 


Elf.l  iricity  in  I  IE  Service  of  Man 


thf  British  Wtstinghouse  EUctric  anil  Manufacturing  Cumpany,  Ltd.  These 
motors  are  known  as  "  Tyjx'  W,"  and  range  from  the  smallest,  having  a-i 
out])iit  of  /,  B.  It.  P.  (about  6u  •  itts)  at  (loo  k.  v.  m.  and  wci(,'hing  20  lli. 
t<>  the  largi-t,  liaving  an  (Hitimt  df  i  h.  h.  p.  at  i,.'i)o  R.  p.  m.  and  weighing 
1X2  11).  Till-  field  poles  arc  at  the  top  and  bottom  of  the  frame,  and  the 
fii  ld  flux  is,  therefore,  vertical ;  the  brushes  are  attached  to  a  rocking  rrnss- 
picce,  A,  which  lies  inside  the  vertical  bracket  which  carries  the  front  bearing. 
Other  details,  including  the  supporting  rails,  can  be  readily  made  oot. 


II. — SLOW-SPEED  MOTORS 

For  reasons  to  wliiili  partial  refirtncL"  has  already  I.een  made  slow- 
speed  motors  of  moderate  power  are  v(  t  v  miK  h  iiidre  in  demand  than 


>«•  S97.— Tbe  WaMiatlwuK  SouU  Bipolw  MoMr. 


dynamos  of  llie  same  iK)\ver  a'ld  speed.  In  addition,  it  may  be  jwinted 
out  that  there  is  very  little  to  be  gained  by  running  dynamos  of  i  to  lo 
kih)watts  output  at  a  six?ed  sufficiently  low  for  direct  coupling  to  a  slow- 
speed  engine,  for  when  dynamos  of  such  low  outputs  are  required  it  is 
usually  ea.sy  to  arrange  to  drive  them  at  a  liigh  speed.  With  mo:ors  it  is 
otherviise,  and  cases  are  very  numerous  in  which  a  motor  of  less  than 
I  B.  H.  P.,  running  at  a  sined  of.  say,  150  k.  p.  m.,  is  very  desirable. 
Many  motor><  have  therefore  been  designed  to  meet  such  conditions. 

(■.enerall\  >[ieakiii;,',  the  same  result  follows  as  in  the  corresjwnding  case 
of  dynamo  maehines.  With  ilie  decrease  of  the  sjieed  the  size  of  the  machine 
increase's,  and  the  l.iiH)l,ir  tyi>e  is  forsaken  for  the  multijxilar  to  secure  the 
necessary  liat  k  1:.  M.  F.  (.s<r  page  (h>i,  Vol.  I.)  in  the  armature.  Moreover,  for 
a  given  output  the  slower  machine  must  necessarily  be  stronger  and,  there- 
fore, more  massive,  because  the  mechanical  power  given  {see  page  603,  Vol.  I.) 
is  the  product  of  the  torque  and  the  angular  velocity.   Thus  for  the  same 
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v.l«e  of  the  product,  it  the  angular  vcl.u-i.y  k-  .l.nun.slu.l.  the  ton^^ 
St  be  increased,  and  tho  nurlumi.al  i.ut>  .'l  th-  nu.  l.nr  ,„u>t  nuule 
':     j!."Z5no  stand  t.u-  iucr..u.d  t.^rccs.    All         -t  ..u,.-.  nu-ans 
;      V^^.w'ixod  motor  is  for  the  sa„>e  ixnv.-r  lu-avur  a.u   nu^rc  costly 

!n,n.duced-such  .us  the  savn.g  of  shafting,  etc.  l-y  .he  L.cr.ng  of  .he 
M..ra  more  than  justify  the  extra  prime  cost.  .     .       ,    ,  .lu- 

'  With  modern  methods  of  speed  contn.l  th.   necessity  lo.  .i...ull> 
designing 
the  magnet 
tr.i    r>  for 
slow-sixc  d 
working  lias 
diminished, 
t  li  e  practice 
being  to  em- 
ploy a  frame 
designed  to 
1,'ive  a  f^realer 
(lilt  put    at  a 
lii.i^lur  speed. 
Many  of  the 
machines 
already  de- 
scribed, when 
suitably 
wound,  can  bt^ 
usi  il  for  slow- 
spci'd  work- 
ing, but  it  will 
he  interesting 

'""['"''.T  a  line  of  motors  designed  sincially  with  this  objc'ct. 
^""mT.^  Ul  of  Ih  sl„w-,pe,d  n,o,o,.,  Fi..  is  an  illustra.u.n 
shoJU  a  -tor  buUt  m  America,  aiul  d, ,0  pve  one  »  H  P 

T    H-ed  «  ICK,  R.  P.  M.    The  machine  is  .3!  m  extreme  .  .Mem  d 

m.i  stands  .4  inches  high  Iron,  the  sole  ..I  the  supp.rtmg  bracket, 
wii^      i  beloi  the  geonutiical  axis.    The  armature  ,s  15  - 

nd  the  commutator  <,  inches  in  diameter,  and  ,l>e  ov,r-.dl  widih  .ho 
ttZ.  the  puliev  is  a  httle  less  than  15  uu  hes.    The.,  dm..  nMons 

n  m order  tllat  the  reader  may  realise  the  actua  su-  the  nM^nne 
Soin  As  electric  .....tors  go  it  of  curse,  large  for  the  power  devcloi^d. 
but  then  the  speed  is  abnormally  slow. 


Fig.  ^98.    Sl.  w  Speed  Mol.T,  ■  H  !■•  »'  '  ■ 
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The  motor,  as  is  necessary  for  such  a  very  slow  speed,  is  a  muUipol« 
motor,  in  order  that  the  requisite  back  e.  h.  f.  may  be  developed.  Tlx 
form  of  field  magnet  adcijited  is  shown  in  Fig.  599;  a  well-flanKi  l 
yoke  ring  of  cast-iron  has  cast-wclckd  into  it  six  cylindric  wrought-iroii 
cores,  the  inner  ends  of  which  form  part  of  the  jK.le  face  but  are  surrounded 
by  casl-iron  polar  extensions,  which  are  clamped  on  in  the  ingenious 


S»—F'kW- Magnet  Carcut  of  Slow-sip«d  Moiot. 

manner  shown  at  cc.  The  shape  of  these  cast-iron  extensions  should 
be  carefully  noted,  and  how  they  bring  the  field-flux  gradually  down  to 
a  narrow  gap  to  supply  the  reversing  fringe  for  commutation.  Laminated 
poles  are  not  used,  for  it  is  claimed  that  the  form  of  teeth  used  in  the 
armature  is  such  as  not  to  give  rise  to  eddy  nirronts  in  the  solid  pile  faces. 
These  teeth  are  shown  in  Fig.  57,  which  depicts  the  carcase  of  the  arma- 
ture  for  one  of  these  motors ;  the  teeth,  it  will  be  noticed,  overhang  the 
slot  from  one  side,  and  this  spreading  of  the  iron  dstributes  the  dense  flux 
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nassinc  through  tl>e  tooth  sufficiently  well  to  avoid  eddy  currents  in  the 
Lies.  Owing  to  the  slow  siH.d,  an  ahiv-rmal  ain-.imt  of  >par.  l,a<  t-  Ik- 
!.,vcn  to  the  copiwr,  compclhng  the  designer  t..  ust^  v.iy  tKiii..w  t.cth. 
Wrought  iron  was  deliberately  adopted  for  the  magntt  cou>  in  i.r.  kr.  n.  e 
,„  cist  bti-il  IxM-aust-  at  low  tUix  tlcnsitii>  its  jwrneabihty  is  much  higher 

riS  253  Vol.  I.).  In  thtsf  slow-siKtd  machines  in  order  to  secure 
..lod  regulation  the  magnetic  n.atci  ial  must  carry  <.nly  the  low  flux  densities. 
It  which  the  wroiight  iron  is  the  more  efficient  material. 

A  group  of  magnet  frames,  in  which  the  solid  wrought-iron  cores  are 
cast-welded  into  a  cast-iron  ring  which  forms  the  yoke,  is  shown  in  Fig.  600. 


r.e.  «co.-M.gn«  rr.mM  of  .  Lin.  of  Slow  Sp«d  MoWt.,  »  to  5  «■  »•      •«  ■■•  "• 

The  si^es  run  from  \  to  5  B.  H.  P.  at  100  R.  P.  M..  but  the  outputs  arc  corre- 
sindLly  higher  at  higher  speeds.  Hy  using  a  core  of  circular  cr.^s- 
sS>n It's  cLimed  that  not  only  wiU  less  co^.r  he  used  (as  explained 
at  page  23)  for  winding  on  a  given  number  of  magnetising  urns  of  g^cn 
lige  than  with  any  other  form  of  cross-section,  but  that  there  is  a  sub- 
Sial  saving  in  copper  as  compared  even  with  multipolar  machines  with 
a  single  exciting  coil. 

III.— FURTHER  DETAILS  OF  CONSTP'TCTION 

The  various  details  in  the  construction  of  continuous  current  motors 
have  to  a  great  extent,  been  dealt  with  already  in  th.  sections  on  the 
construction  of  the  similar  parts  of  continuous  current  generators.  The 
"?er  S  by  this  tin.e,  have  gathered  .hat  the  chief  differences  between 
t^e  ordinary  modern  machines  for  the  two  purposes  is  one  of  size,  and 
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»«.  Cot.— Hnirof  the  Magnet  Frame  of  a 
'  Wilton  "  c.  c  Uotur. 


that,  whiTc  no  special  conditions  of  running  have  to  l>e  provided  fi>r,  ;i 
Kcm-rator  and  a  motor  of  corresiK.nding  output  are  almf)st  identic  al  nia(  liin, 
In  thi    section,  therefore,  the  adtlitional  details  ^iven  are  nut  ineant  m 

thenis(  Ives  to  be  exhaustive,  but  siiouM 
lie  reatl  in  conjunction  with  the  corn . 
sjxindinu'  sections  on  Reneraturs. 

Field  Mag-nets.  Tiie  details  <>f  ii„ 

field  iiiaf,'iu  ts  of  several  typical  niof,,|. 
liave  been  fully  given  in  the  preceding 
pages  of  this  chajjler,  but  as  an 
additional  e\-ani])le  Fit;.  Uoi  .sIk.us  ii„ 
lower  half  of  llie  magnet  frame  ..j 
tlie  standard  four-jxJe  motors  built  li\ 
the  General  Elertric  Cdmpauy,  ,,i 
,  .  ,  ,  Witton,  near  BirmiuKliam.    The  yoke 

Nvliu  li  forms  ti.e  outer  casiti.t;  of  tl,r  maeliine  is  made  of  fine-grained  cast- 
u^ou  mto  will,  li  mild  steel  mantlet  cores  are  cast.  These  wres  verminate  at 
the  air  gap  m  jvile  shoes  built  up  of  laminated  sheet  iron  fixed  on  the  core  , 
by  countersunk  screws.  As  usual  the  i>..I,.  slioes  are  vider  an  I,,„^.,i 
than  the  cores,  and  provide  supjiort  for  the  matjnetising  coils,  li.  erinJe. 
are  also  added  for  r.us.-ns  already  given,  and  the  large  space  at  the  near 
end  of  the  ligure  is  provided  to  accommodate  the  commutator  and  bru-l, 
gear.  The  external  apiK?arance  of  those  motors  is  shown  subsedm  ntlv 
(.s<r  Figs.  621  to  6-'4)  '  ^ 

As  in  some  tyin  s  of  dynamos,  so  in  many  types  of  motors,  considerations 
of  space  render  the  design  of  the 
magnetising  coils   a   matter  of 
importance.    The  u  n  d  e  r  1  y  i  n 
]iriiui]iles  have  already  been  dis- 
cussed in  ct)nnection  witii  dynamos, 
and  it  will  suffice  to  illustrate  here 
two  lyi'ical  coil-;,  one  for  tlie  main 
field  nia!,'i;els  and  tlie  oi'ier  for 
tlie  interpoles.     In  F-jf,'.  602  there 
is    depicted    the    jwttern    of  a 
mugnetisinq  coil  used  by  the  Lan- 
ea>liire  Dynamo  and  Motor  Com- 
l)any,  Ltd.,  for  l!ie  main  (shunt) 
excitation  of  the  motors  descrilx-d 
on  i)ai;e-;  585  and  591.    In  these 
maehinis  liie  ,(iie>  are  einular  or  elliiitical,  the  former  \,scc  page  23) 
riMiuiriiiK  tiie  smallest  quantity  of  copper  for  a  given  iron  section.  The 
held  coil:,,  as  is  now  almost  invariably  the  custom,  are  former  wound  with 
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louhle  cotton-covered  wire.  They  are  then  sewn  with  strinR,  ami  im- 
j.rrRnatcd  with  a  sih<.  i;il  iir^Mlating  compound  under  rethiccd  pressure 
in  a  vacuum  chamUr,  ami  after- 
wards thoroughly  dried  in  special 
..vons.  In  this  CAsc  rnch  shiint 
,Mil  is  provided  witli  its  own 
,|M'cial  terminals  TT,  instead  of 
u.ivinK  loose  wires  projecting 
.ind  running  the  risk  of  being 
brnkcn  off. 

For    tiie   interix)les,  where 
l>;ice  is,  if  possible,  still  more 
\  .lUiablc,  anil  whi  i  e  the  winiUngs 
liuve  to  carry  the  luavy  series 
(•»irrent,  the  same  comiiany  uses 

-trip  copper,  as  shown  in  Fig.  _  „,,,.m 

60?  It  will  be  rememliered  that  the  cores  m  thrs.-  .  im-;  Ikiv  .1  n.  m  w 
rnv.s-sect,on,  and  do  not  alw.us  exten.l  .uross  the  whole  UuKlh  o  the 
armature  irrn.  Tliis  explains  the  comparatively  narrow  o,x.mnK  sh.m-n 
in  the  figure.  The  method  of  insulating  and  finishmg  the  coU  «  smuW 
to  that  just  descrilHid. 


r*.  «03.-In««pol«  Crfh  ol  "lancwAite"  M .  i  '™. 


Fift.  6<H.-I»e«»'l«  <^  *«  Armamre  of  a  PetWes  Four  P      M  i  ^ 

Armatures. -The  staf^es  of  the  process  of  building  up  the  annat.ue  of  a 
four-pole  motor  ol  20  b.  h.  p.  are  clearly  sliown  m  Fig.  604.  ^vhere  the  parte 
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illustrated  l)ol(    ,  .o  a  motnr  constnirted  by  Messrs.  Brure  Peebles  and  C. 
to  pive  the  alxive  jx)wer  when  ninninK  at  700  r.  p.  m.  on  a  46o-v«)lt  ciriMiit 
At  A  wc  have  the  shaft  with  the  armatinc  sj  ider  and  the  end  plates  f 
in  jxisition,  and  two  of  the  stampings  s  s  sliiiptd  tm  ;  the  shaft  also  carrie- 
thc  liuli  h  iijx)!!  which  the  loiniimtator  is  to  lie  luiilt  and  tlie  hcarinf,'  HniiiL 
and  lubricating  rings  r  r.   At  b  the  arnuiture  eore  is  shown  complete  m 
apart  from  the  shaft,  with  the  two  first  "  former  "-wound  coils  in  ixisitio,, 
to  start  the  wiiidiiif; ;  the  sliajio  of  the  slots  and  the  insulating  linini; 
(  an  lie  clearly  seen.    At  c  the  wi.nding  is  nearly  completed,  but  in  com- 
jiaring  with  B  it  should  l)e  noted  that  the  armature  has  Uhmi  turned  round 
Finally,  at  D  we  have  the  completed  armature  with  the  binding  wires. 

which  .are  rendered  necessary  by 
the  straif^ht-sidcd  slots  of  the  core, 
in  position  both  on  the  core  and 


the  end  connections, 
cylindric    length  of 


Fig.  'K15.— Commulator  for  Wettinghou^e  Motora. 


over-:ill 
■hed 

armature  at  D  should  .  .t-d 
with  the  length  of  tlii.  t  i>.  and 

the  great  increase  of  lei.„cji  neces- 
sitated by  the  cylindric  shape  of  the 
end  connections  noted.  This  in- 
rrease  of  length  requires  a  corre- 
sponding incre;ise  in  the  size  of  the 
bed-pb*e  and  the  over-all  dimensions 
of  the  machine,  but  this  disadvantage 
is  considered  of  less  consecpience 
than  the  advantages  gained  in  ease 
of  construction,  accessibility  of  the 
windings,  and  in  other  directions. 
Commutators. — The  details  of  the  construction  of  several  types  of 
commutators  have  been  given  very  fully  in  the  dynamo  section,  especially 
with  reftTcnce  to  large  and  to  high-speed  machi  es.  Some  commutators 
for  small  machines  have  there  been  illustrated  (>«  Figs.  123  and  124),  and 
in  this  chapter  in  connection  with  other  matters  cross-sections  ha>r 
incidentally  been  given  of  commutators  for  various  sizes  of  motors.  The 
reader  should  refer  to  these  and  examine  in  detail  the  methods  used  to 
insidate  the  copper  bars,  and  to  mount  the  whole  securely  on  the  shaft. 
In  Fig.  577  he  will  find  particulars  of  the  commutator  of  the  "  Peebles  " 
motors ;  in  Fig.  580  particulars  of  the  Brush  "  H.C ."  commutator ;  and 
in  Fig.  50.5  particulars  of  the  Crocker-Wheeler  con^nutator  for  small 
l)ij)olar  motors.  The  commutator  shown  in  Fig.  605  is  designed  by 
the  British  Westinghouse  Company  for  a  line  of  motors  giving  from 
to  6 J  E.  H.  P.  at  speeds  varying  from  470  to  1,800  r.  p.  m.   In  Fig.  606  is 
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Conimttlaler  lac 
"  WUloo"  Motori. 


lIuMr.it.  a  tlM  fuu-licl  commntator  of  the  General  EUclrir  Cninpany.  Ltd:, 
iistd  in  till-  "  Witton  "  motors.  ,    .  4 

It  is  absoluttlv  necessary  that  thr  rom,nutat,.r.  the  weakest  p.rt 
,(  the  machine,  shtmld  be  very  sul.st.ntiiUy  bmlt  to  ^v,t h^t,..u  1.. 

roiiRh  usage  ol  motor  work,  and  N'th  m  il»  >isi> 
and    construction   this   condition   is  fnlfiUttl 
ill  the  commutators  sliouii.    M.  tlu'ils  of  asscni- 
liHng  and   details   of   nianufac  tun-  (see  pai;<s 
143   to    146)   have   air.  ady  Ixcn  iL-mlol. 
Another  piint  is  the  supply  of  an  ample  dipth 
,,f  ropix  r  to  prolonK  tlit-  life  of  the  commutator 
as  long   as  possible.      In   the   (as.-    of  tin 
"Witton"  commutator  of  Fig.  fx)0,  a  wearing 
depth  of  from  |  inch  to  |  inch.  accordiiiK'  to 
the  size  of  the  motor,  is  provided.    It  would 
seem  desirable  to  supply  the  greater  w.  anni; 
depth  for  all  sizes,  except  where  consi.ln  i- 
tions  of  space  render  it  impossible,  for  the  rate  of  wear 

regarded  as  dep-nding  much  ujK^n  the  sue  of  the  motor.  The  Bn  ish 
Westinghouse  Company  provide  a  wearing  depth  of  \  m.  to  i  in  ,  arcordu,^ 
,0  the  si..-  of  the  machine,  and  the  Brush  Electrical  Engmeenug  ompany 
m  their  H.O.  M..tors  (,ee  page  589)  provide  \  in.  for  the  two  smaller  sizes. 
5  to  20  B.H.  P..  and \\  m.  for  the  larger  sizes.  10  to  loo  ».  h  p. 

Brushes  and  Brush  Holder8.-ln  this  connection  ai>o  ti  details 
des.  ribed  in  the  dynamo  section  (see  pages  146  to  154)  are  relevant,  and 
the  reader  should  not  neglect  to  refer  back  to  them.  ^  _ 
A  few  further  details  are  added. 

Brushes.— T\\c  relative  merits  of  copper  and  carbon 
brushes  have  already  boon  discussed ;  for  motor  work 
the  use  of  the  latter  has  become  almost  universal, 
especially  where  the  motor  may  be  called  upon  to 
run  in  cither  direction.  The  ensuring  of  a  go-nl 
conductive  path  between  the  actual  brush  and  the- 
metal  of  the  holder  has  been  mentioned  as  one  ol 
the  dif&culties  in  the  use  of  carbon  brushes,  anil  it 
has  been  mentioned  that  a  stranded  aexible  wtre  is 
now  usually  ompl(^yed  to  bridge  the  gap. 

There  remains,  however,  the  difficulty  of  attarhmg  ym. 
this  flexible  to  the  carbon  with  a  good  electric  joint.  , .    .  ,  . 

The  method  used  by  the  British  Th  inson-Houston  Company,  Unnted  is 
shown  in  Fig  607.  wWch  shows  a  carbon  block  with  flexible  attach,  d.  Ihe 
a  tacSmenUs  made  by  a  rivet  which  clamps  the  ends  of  the  strands  to 
fte  carbon,  the  upper  part  of  the  brusli.  shown  light  in  the  figure,  being 
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aftcivv.uds  turned  to  niMirr  k'o'kI  mdidlir  rontacf  iH-ing  ol)taim'd.  Tin 
(kjtible  itself  is,  of  roiirsc,  ot  ample  <  ioss-s,  (  imn  to  carry  the  curnni 
whidi  the  brush  is  intended  to  collect. 

In  Fig.  608  is  shown  an  inRcnious  device  employed  b> 
M<  >~r>.  Siriiii  ii-.  Mriis.  to  incn  :i--c  tin-  ciiiidiirlivity  of  iht 
jiiint.  In  tills  <  ast>  two  liruslics,  in^tc.i<l  of  one,  are  used 
in  eacli  holder.  Each  brush  carries  at  its  toj)  a  metal 
<l,uiip  to  which  the  flexible  is  attaelied.  By,  as  it  were, 
splitting;  tlx  brush  int"  two  and  providing  a  flexible  lor 
eacli  part,  the  carrying  i«)W»'r  ol  two  eajr  and  two  IK  xibl( 
is  secured,  thus  increasing  ihe  total  conductivity  without 
increasinR  the  bnish  contact  surface  and  the  friction. 

A  vei y  iiiL;  iiiii\is  enmiHisile.  or  duplex,  brush  usi'd  on 
r«.  «oi,-Si«««.  <he  Lundell  motors  made  by  tlie  J.-L.  Manufacturing  fom- 
Sotor  BcmiHa.  pany.  Limited,  is  shown  in  Imk.  609.  The  rubbins  surl;i(  e  i.. 
provided  by  two  carbon  blocks  a  and  h  separated  by  a  wetl^e  of  brass; 
these  carbon  blocks  are  held  loosely  against  tlie  brass  wedf,'e,  and  are 
pressed  down  towards  the  commutator  l)y  a  Hat  bowsj>rini,'  s  s,  wliose  two 
ends  press  the  blocks  forward  and  which  can  l>c  s(  t  up  by  the  nut  n 
workinj?  on  the  radial 
st  rew.  Hy  usini,'  the 
same  spring  for  both 
blocks  any  inequality 
of  wear  is  taken  \\\\. 
Additional  details 
will  be  found  in  Fig. 
618.  The  reasons  for 
this  complicated  con- 
stniclion  ai  ('  inli  rest- 
ing. The  function  of 
a  brush  is  twofold : 
in  the  first  place  ii 
has  to  convey  the 
current  from  the 
commutator  to  the 
fixed  external  circuit, 
or  vkc  vcrsti,  and  for 
this  puri)ose  the 
device  used  should 

be    of     the    hlljhcst  ^  «09.-C.ii.pc»;te  or  "Duplex"  Bnih  fa.  I.andell  Moton. 

possible  coiuliictance. 

On  the  other  liaufl,  the  brush  has  to  provide  a  path  for  the  current 
in  the  coils  during  the  commutating  period  when  these  coils  are  short- 


Fig.  Smi— Bnidl  HoMn  (m  Briluh  Thomion  H.-iutdn  Moton. 


iKiiiiiil.  as  it  is  ciillcil,  liv  till  I'""r  tliw  piiri>"«',  a**  h^•^  liocn 

\|  laihid  in  ili  .iliiif,'  Willi  ciiiiiiniitation.  cxik  rit  nif  li.is  >ii(i\sn   il-  it  ii 
IkIIit  tor  llu'  liiu.-li   ti)  liavi-  an  apprinialiU   roi^lamc  in>ii.i<l  i  t 
(  in);  an  al)*)!)!!!'  sli'>rt- 
1 1  ml .      'I'lic     \»  \  h  i  t 
'Hl>il  ^lliUllil,  llii  lrli'li', 

ii.ivf  hifjh  condtK  lance 

iilially  anil  liif;ii  n  sist- 
Mi'  c  at  rinlit  aiifiUs  to 
llu-  radial  dinition. 
i  lii-  conditions  are,  of 
,  oiirsc,  antat;onistic,but 

h  (■  li  r  11  sh  -  li  1'  w  n 
.Ulcinpls  to>ai'-ly  iIk  hi 
(liirtially.  ina-niu(h  as 
;lir  I ai lion  iiiiii'k  a  is 
iM.idf  of  carlxm  of  the 
l,i-ii(  M  (■(.ndnclivity,  and  the  hloi  k  h  of  carlxm  of  liir  Imnm-,!  icn.hu  livity 
|,roiurablo.  Thus  the  luoik  ><  is  iU>i(;n.'d  to  laiiy  ni">t  "f  lliv  ■  vl.n 
rurrcnt,  whilst  Wof  K  h  and  the  two  surfan-^  IhIw.mi  .ail.on-  and  l  i.i^ 

nt.ipuM-  a  .oiniiaiativily  hi,i;h  ri~i~tanci'  in  the  path  I't  the  M>.,.dl«d 
.hort-circiiit  .unviilh.  TIk  iarl"'n  I  locks  are  sui.plied  i>y  the  hrin  "  Le 
Carlnme." 

Brush  Holders.  In  addition  to  the  hrii>h  holders  previuus'v  de>ciil.ed 
(w  i.it;es  150  to  154),  the  followinf?  paraRrai)hs  drsrrilic  stmie  of  those 
which  liavr  lin  11  iiioiv  r>i.r.  ially  desik'ncd  I'T  iiiolor  ro)iiHlion>  ol  woikini;. 

Tiie  J'.rilish  Tliouison-l louston  brush  sliown  in  Fif^.  ('o;  h  u-ed  in  li.e 
holder.  Fit'.  610,  the  brush  Iwing  inserted  in  the  bt)x  u,  and  ih.  .  ilu  i  <  nd 

of  the  llexible 
datniH'd  under 

the  lew  (". 
Thi'  brusii  is 
jiressod  down 
oil  the  coin- 
nuitalor  l)y  tlie 
1  I'd  a  of  the 
>prinf(  s,  the 
ri>,'ht-liand  <nd 
ot  w  li  i  c  li  is 
roiled  up  and 
attached  to  the 

.ixle  operated  by  the  handle  H.  Hy  inserting  the  still  wiie  ic  d  ih--  liaiidK- 
in  one  or  other  of  the  I'oui  uoiiiK.-^  shown,  the  piessiiie  of  the  spting  in 
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Wntinchoaie  Bnuh  Molden. 
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ric.  <•].— Bradi  HaUv  ffar  Otmtm  MoMn. 


the  rarlKin  hWV  ran  \k  adjusted.  The  holder  is  clam|H>d  <»n  the  kir  ■  i 
the  bnisli-rit-giug  by  the  screw  p.   The  whole  arrangement  is  simple 

Ining  strongly  made,  is  well  <al(ii!.iti 
to  withstand  the  rougli  usarf  of  in<>ti  i 
work. 

A  very  similar  device  (Figs.  6ix  an  ! 
612)  for  adjusting  the  pressure  of  tli 
bru>lifs  is  used  bv  the  British  Westin: 
house  Company  in  their  "  Type  (i 
motors.   Fig.  611.  which  does  not  show 
the  method  of  attachment  to  the  spindh 
is  for  machines  up  to  30  b-h.p.,  whiUi 
Fig.  6x2  diows  tbe  iatm  used  in  smaller 
machines. 

Tlic  holder  for  the  Siemens  double  carbon  brush  of  Fig.  608  is  rtiown 
in  Fig.  613.   The  two  parts  of  the  brush  are  inserted  side  Ly  side  in  a  box 
which  is  held  between  substantial  end  plates, 
the  other  end  of  the  flexihles  being  clamped  to 
one  side  of  the  split  Mock  which  is  to  be 
clamped  on  to  the  rod  of  the  brush  rigging. 
Pressure  is  applied  to  the  upper  end  of  the 
carbon  blocks  by  the  Hat  springs  as  shown, 
v/iiich  swivel  round  the  axle  a  and  can  be  set 
up  by  a  cyhndric  spring  on  the  far  side,  a 
portion  of  which  can  be  seen  at  s.  The 
device  is  more  complrcated  than  the  pre- 
ceding, but  is  well  designed  to  stand  the  conditkins  of  actual  work: 
The  bnish  holder  used  by  the  Lancashire  Dynamo  and  Motor  Compan\ , 
Ltd.,  is  *own  in  Fig.  614.    It  is,  like  those  just  described,  of  the  U>\ 

type,  and  the  illustration  shows  three  bnislu  - 
attached  to  the  carrier  of  the  rigging.  Strong; 
coiled  springs  with  a  long  ran^e  of  adjiisi- 
ment  provide  the  pressure  on  the  back  of  the 
rarbon  blocks,  and  the  usual  flexibles  are  used 
to  carry  the  current  <  ver.  Further  details  of 
these  brush  holders  will  l>e  found  in  Fig.  615 
Brush  Gear  and  Brush  Rigging. — Much  ol 
the  apparatus  already  descril)cd  under  this 
heading  for  dynamos  can  be,  and  is,  used  foi 
motors,  but  a  few  additional  examples  may 
prove  of  interest. 

In  Fig.  615  is  shown  the  gear  used  foj 
^''"^Se"  M^inr  mountii^  the  brash  holders  just  desdibeti 


Fig  614.— Urush  Holdan  km 
"Lancsdun"  Moian. 
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followed  up  without  .iff- rtinK  tht 
is  used  for  insulating   •nM  being 


( Fic  614) :  »  being  made  by  the  Lancashire  Dynamo  and  \^     ^  ""^impany .  Ltd. 
A  rimric  .  Along  a  diametw  to  that  i«  ran  W.  ,  1  imiK^.!  to  the  ,  yhiMur 
^  bt-a   of   th.'  l...iiinn  »>r.irkit  "t  ihi- 

motor  carries  four  sub>t.intial  .nm- 
or  brackets  on  its  outer  |>trii>luiy: 
I.ach  holder,  as  shown  in  Fir.  614.  is 
fastened  to  one  of  tlusc  .irms  l-y  two 
set  screws  passing  tlirough  a  nuinlx  r 
of  sheet'tron  distance  plates,  by  whii  li 
it  can  Iw  packed  up  and  adjusted  at 
any  convenient  height  aU)Vfc  tlie  com- 
mutatori    By  reni«'vmg  one  or  more 
of  these  plates  from  tmie  to  time  the 
wear  on   the   commutator   can  he 
dity  of  the  arr.inKcnunt.    Solid  inici 
.fleeted  by  heat  or  damp  the  holdiis 
( annot  saR  down  on   )  the  r^mnmtator.  The  corresponding  brushes  arc 
i-onnet  tod  t-v  iKxiMes  no:  Jiown  in  the  figure. 

The  l)rus»  ir  dcsignv.  )-  r  the  "  VVitton  "  motors  by  the  General  EUctnc 
Company,  H  shown  Fig.  616.  Instead  of  U-ing  of  the  box  tyi.  . 
as  in  the  last  cas.-,  the  gea.  is  o!  the  radial  arm  type,  the  carbon  being  tirmly 
clamped  in  a  sleeve  on  a  moving  arm.  which  is  mounted  so  as  to  be  free 
to  turn  on  the  brush-gear  spindle.  These  spindles  are  niount.  d  on  a  rniR- 
sliaped  rocker  from  which  each  is  insulated  by  an  insulafmg  bush  sp  ";|lly 
moulded  to  the  required  shape,  or  by  loose  bttshcs  and  washers.  Ihc 
brushes  are  pressed  towards  the  commutator  by  tlat  steel  sprmgs.  an» 
the  bad  elecUical  joint  is  bridged  by  the  usual  lUxil  l.s.  The  termmal 
flexibles  ate  shown  in  the  figure,  and  also 
the  paralleling  flexibles  between  the  brush 
spindles  of  the  same  polarity. 

Instead  of  clampinf  the  rigging  on  the 
hub  of  the  machine,  it  n  sometimes  mountetl 
on  other  parts  of  the  end  bracket.  In  Fig. 
617  is  shown  the  end  bracket  of  a  line  of 
British  Westinghouse  motors  rated  up  to  73 
B.  H.  P.  In  this  the  brush  rigging  is 
mounted  on  the  arms  of  the  bracket  and 
the  arrangement  for  rocking  can  be  readily 
made  oat. 

As  a  final  example  of  this  type  of  rigging, 
Fig.  618  depicts  the  brush  gear  designed  to 
mount  the  duplex  \n  ^  hes  (Fig.  609)  of  the  Lundell  motors.    liiey  are 
n»>unted  on  a  four-armed  -spider  or  rocking  rmg  which  is  cut  s<j  U»at  it 
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can  fx;  clamiicd  on  the  motor  in  tin-  usual  way.   Tlif  l>ruslu>s  and  bni- 
holdcrs  already  described  are  mounted  on  the  ends  of  tlic  arms  in  slialh  .. 

V  (grooves  wliicli  jnTinit  ol  , 
IxKlily  ailju>tnii  lU  in  tlioradi  .! 
direction  to  allow  for  thevvi.i, 
of  the  commutator.  Theholdi  i  - 
arc,  of  ciuux',  Wfll  iii-ul  U'  ,1 
linni  the  amis,  and  li<)l(li  r>  i.; 
i'uilar  ])(ilaiity  air  coiuuric,' 
hy  the  circular  flexibles  shown 
in  the  fi(,iirc. 

In  sm^ill  motors^  -^impl.  i 
me  t  hods  of  mount  inf;  aii 
adopted,  and  rocking  devici-N 
arc  fn  iiiK  iilly  omitted.  Tli- 
cud  liT.ickrt  (l''i,!,'.  •'!<»)  tor 
certain  Bi  ilisli  W'e^l  inj^hoiise 
molor>  u]>  to  u},  n.  n.  p.  carries 
a  simp'K'  spider  for  the  hruslus, 

rig.  6i«.— Brush  Gtar  fiir '■  t.umWI "  Composite  or  Duplex      Hot  ilillrl  in,.,'  in  pl  ilieiplc  trom 

souieof  those  aln  adv.  i.  ^erilvd. 
The  methods  used  by  the  Crocker-Wlieeler  Company  for  their  sm.dl 
motors,  not  only  for  inoniitin.t,'  the  biusiies,  but  also  for  !)rin.  int;  out  tli. 
terminals,  are  particuUiily  intere-tini,'.  Tliesc  nuthoils  can  lie  fairly  well 
made  out  by  comparinf,'  Fi.t;-.  ya  ami  5.15.  but  to  make  tin  in  c  U  arc  r  I'ii;.  i>jm 
shows  tlie  insid,>  of  the  end  shield  used  lor  their  "  biMni  F.  "  motors.  The 
shield  c.nries  lour  ponelain  bushinj^'s  through 
the  axes,  of  which  conduclin.L;  bolts  or  studs  ji.i-s 
from  the  outside  to  the  inside.  The  outer  cuds 
of  these  arc  provided  with  nuts  to  which  live 
conductors  can  be  attaclu'd,  and  on  the  inside  two 
of  them  carry  the  brush-hol<lcrs ;  the  otner 
two  studs  make  connections  to  the  fu  Ul  circuits, 
and  as  both  held  an<l  arniatur.>  coiuieclums  arc 
thus  brout;ht  out,  full  facilities  are  provided 
for  usint,'  both  st.uting  and  ciMitrollin;^  devic  e-. 
It  is  claimed  that  the  simplicity  and  ruggd-  k.^.  o,.-F--^wrack«  of  wvtins- 

.       ...        .  ..11  II    hou^c  Small  Mat jn,  ij  106  B.  H.  !■. 

ness  of  the  brush  rij^K'nig  is  particularly  well 

adapted  for  the  severe  conditions  to  whicli  these  small  motors  are  often 
subjected. 

IV.— MOTORS  FOR  SrKCI.\L  Pl'RIXJSES. 

Enclosed  Motors.  .ilieady  ixunled  .>ut,  tlicie  an-  ni.my  [Hisitions 
in  which  it     abbulutcly  necessary  that  the  motor  should  be  either  com- 
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,.letclv  or  almost  c.mpKtclv,  tnclos..!,  ...  that  .t  may  l«  fully  l^rot.rtt-c 
the  adverse  mtlie.ucs  ..i  us  nu.   ....unt.    Tlu-  .lust    ,n..y  au.l 
which  is  inse,>arable  from  many  in.lu.tn.^  u.  ul.l  .-u  i^..  v. 
•rr't.  an  cxi^scd  nunnmtator.  aiul  ci^nally  .s  tins  the  c.us.  .  .u 
^motor  has  to  L  tnount.d  l.n.ath  the  floor  o  u  tramcar  e. 
•md  exposed  to  th.  clu>t  ami  du  t  -t  a  tu.t  tu.,-.  Iranlv  ..  .ul.    ll,.  n.  ..Kain. 
■  ;  tor?^y  be  placed  m  positu-.s  in  whuh  tl.y  a..  l.aMe  Iro.u  ..n..  to 

net.  1-  flooded  ^^ith  water,  so  that  they  require  to  1.  not  only  ..u  1;.^ 
lu"  enclosed  in  a  r^uicr-HsM  case.   Tl.e  driving  of  pumping  machnu-.y 
in  some  classes  oi  mines  is 
a  c.xse  in  point. 

Further,  in  fury  mines 
the  conditit)ns  may  be  even 
still  more  severe,  sCad  it 
may  be  necessary  to  mak  - 
the  case  of  the  motor  gas- 
tight,  so  that  an  explosive 
atmosphere   may   not  be 
brought  into  contact  with 
any  >i'arks   on   the  rom- 
mutalor,  which  would  in- 
evitably fire  the  gases  and 
might  start  a  destructive 
explosion. 

Many  tyi>es  of  motors 
have  been  designed  to  meet 
the  sjwcial  conditions  which 
necessitate  the  enclosure  of 
the   motor.     Most  manu- 

Ltt  ... 

motors  extra  rasing,  water-tight    or   ..thet%v.se,  to  tlu    .xih  mI 

tvh^     ue  liahh.  to  he  uMU,ed,    On  the  oth..  hattd  some  numu- 
S^r's  have   laced   the  problem  of   the  p.  du.uon  of  an  enc 
mot  r  as  a  s.n.cial  problem,  and  the  enclosure      ,h.  h,>s  n,..d,l.,d 

Te  k  tr  c:\nag.u'.u-,  and  nuehanical  details  ot  the  de.gn.  Ih.  .s 
p^cially  ne  essary  in  the  ease  of  traction  motors  for  tramcars 
^^e  amount  of  enclosure  required  depends  upon  the  ne.e.s.tus  of  ti  e 
u.e.  Of^n  merely  ..echantcal  protection  of  the  ntovntg  pa.ts  .ufhe 
and  in  the^e  ca.e^  liberal  oixnings  for  vent.lat.on  are  lett  m  ,1-  ' 
f"am  uch  oixnings  heu.g  Irequently  covered  w.th  indouUed  slu. ts 
of  mltal-  thev  conduce  materially  to  the  cool  runmng  ol  the  motor,  and 
tZ  t  'posSble  to  run  heavy  oUloads  for  longer  per.,  ds.   tor  some 


Fin.  620.-l!ru5llts  Uld  IctnmaU  of  4«  Cf«k«r-Wk«l«l 
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purposes  more  complete  enclosure  (for  instance,  to  exclude  gritty  or  otlici 
(lust)  necessary,  and  then  the  ventilating  opnings  have  to  be  stippresscd 
but  the  enclosing  case  is  not  made  water-  or  gas-tight.  In  the  most  seven 
conditions,  however,  as  indicated  above,  the  enclosure  nuist  ensure  i^erfec! 
s(  i)aration  of  the  moving  parts  and  the  commutator  from  the  outei 
atniosi)here; 

The  -ul>)e(  t  f)f  tramcar  and  loromotive  motors  is  sufficiently  importani 


Fig.  6aj.  Fig.  624. 

Vwko*  Typ«i  of  Ihc  Geacnl  Ehctrie  Compuji't  Contiiiuoni  CURcat  Moton. 


to  deserve  a  separate  section,  but  the  demand  for  modifications  of  (^rdinar 
open-type  motors  to  suit  other  special  circumstances  is  extensive  an 
such  modifications,  therefore,  claim  attention. 

As  one  good  example,  from  many  which  might  be  selected,  Figs, 
to  624  show  the  clianges  made  in  the  ordinary  tyj>e  of  "  Wiiton  "  moK 
as  manufactured  by  the  General  Electric  Company,  Ltd.,  to  adapt  it  to  son 
of  the  more  s|>ecial  requirements  of  actual  practice.    In  Fig.  621  is  show 
the  otdiiioiy  standard  type  of  motor  variously  described  by  differei 
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n,anufactur.rs  as  the  "  scnu-.  ndo.  a  "  or  .l.c  7-'' '  ^JX*  .S^ 
,he  tarings  and  their  supp.rts  lui.n  a  r.iMnK  vvl'uh  i^.ttcts  the  bm.h 
J  ar  itd  the  commutator  from  many  kinds  of  acn.U  ut.a  or  w.lfu  ,u,nry^ 
n  the  next  .xan.ple  (Fig.  622)  the  opnings  m  the  ca.nig  formed  !■>  t  c 
^a^hags  have  beei  covered  ^.•ith  expanded  metal  doors  wh.ch  mechamcaliy 
Lc^all  the  working  parts  from  .n,n,  y.  .h.U  U  av.n.  -  co^^^^^^^^^ 
with  the  outer  atmosphere  for  ventilation  purix..es.  1  hi.  t>  pe  is.  therefore, 
kn..wn  as  the  "  Enclosed  Ventilated  "  type.  h.vt  met  il 

In  Fig.  023  the  expanded  met.l  covers  are  replaced  by  solid  .heet  . mtal 
cov  rs  which  compleiely  cU.se  up  the  space  contatmng  the  commuta 
and  its  fittings,  the  machine  Ix-ing  descnlK.d  as  ;   ot.l  y  Kud..  d  . 
Dust-proof      In  the  fourth  example  (Fig.  O24).  which  is  the    W  .itc  -  .uu 
G^iight    tyi.,  whilst  the  general  form  is  the  same  the  castings  .up^ ung 
thJbiarings  have  had  to  he  modified  so  that  proix^rly  machined  and  packed 
ove«Ti  be  bolted  to  them,  the  jumts  being  made  Ix.th  water- and  gas- 
tlit    iTwiU  be  noticed  that  an  annular  plate  has  also  been  bolted  on 
the  commutator  end  nmud  the  beann^'. 

With  variations  in  the  details  of  design  the  method  ()f  us  np  tht  s..  .e 
fra^e  for  "protected."  "enclosed  ventilated"  and   '  total  y  end.. ..l 

rprincipiremplovcd  by  many  manufacturers.  S-me  o  the  n.o.o,. 
;c::;.::;r;ill:stratl.d;re  so'treated,  and  fn,m  this  ,.int  0  -ew  .Uen  .« 
s  called  to  the  Mather  and  I'latt  Motor  (l-.,s.  573  .  ^/^'j  J^'^  ' '^^^ 
Motor  (Figs  577  and  578).  the  Lancashire  Motors  (1il-.  .-,76  •  5^2). 
SrBnS'"  h'o."  Mo?^r  (Fig.  581).  the  Crocker-meeler  Motojs  (1-gs.  593 
and  sub)   the  Westinghouse  Motor  (FIl,'.  507)  and  ^veral  o  Iict^. 

i^a  Z  RaiiH.\^.  various  degrees  of  the  closing  up  of  the  m<.ors 
as  dicribed  above,  have  their  effect  on  the-  rat.n,  o,  a  nv.,o  of  g.  n 
wei^la  or  over-all  dimensions.  It  has  been  shown  page  5M)  that  th. 
ul  rated  old  of  a  particular  motor  depends  in  practice  on  the  exce.. 
temira^^^^  at  whidi  the  motor  may  be  aUowed  to  niu  for  lonR  {-"'^J 
and  it  is  therefore  evident  that  if  the  faci h.ies  for  ventila  on  a  e 
aiminished  the  machine,  at  a  given  load,  must  get  hotter.  -  ' 

the  previous  tenM)erature  marked  the  hunt  '  ^ 

reduced  to  keep  within  that  temperature  ;  in  other  won  Is  tl>e  r^^'  "m^^^^ 
be  rated  lower.    Or  putting  it  the  other  way  round,  a  la,,er.  ..n.l  u 
more  costly  machine  must  be  pn,vided  to  do  the  same  work     In  order 
irev^.  lo'keep  the  increase  of'size  of  the  totally  closed ''^ 
reasonable  limits,  many  manufacturers  rate  these  iiuu  lunes  t..  run  at  a 
r.:^wSSer  tem^rature  than  those  of  the  oi^n  or  senn-enclosed 

*^^As  an  exuuplo  ,t  may  he  mentioned  that  the  "  W.tton  "  semi-enclosed 

andtcToXLilated  t^pes  (Figs.  Car  and  ^ 

rise  at  fuU  load  of  70"  P.,  but  the  totally  enclosed  type  (Fig.  623)  is  aUowea 
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to  rise  to  an  excess  temperature  of  80°  F.,  and  the  water-  and  gas-tight  type 

(Fi(^.  ()J4)  ti)  an  t  xt  tss  teniixriiturc  of  90''  F.  alM)ve  the  surrounding  atnio 
si)lnrc.  TIk'  two  tust-naiiud,  howivir,  arc  not  ixuctly  iijuivak-nt,  thou^;!. 
the  i  x(  (>>  ti  inin  lature  limit  is  tlu'  samo.  In  order  to  carry  tlie  same  load 
the  enclosed  motor  has  to  be  run  at  10  to  15  per  cent,  higher  speed,  which 
means,  of  course,  that  the  currents  in  the  armature  and  magnets  are  less 
(or  the  saiiK'  workini,'  luessure  and  that,  therefon*,  the  rate  of  production 
»)f  ohmic  heat  is  iliminislied. 

Fan-Vcntilaled  Motors.— The  effect  of  thf)roughly  good  ventilation  on 
he  r:iliiif,'  "f  a  inot<ir  -tliat  is.  on  the  load  which  it  can  carry  without 
l)econiiiig  too  hot -is  so  important  that  it  is  very  carefully  attended  to, 

as  tlic  foief;oing  pages  testily, 
-  -  ,^-%  f>..  in  the  details  of  internal  design. 

With  a  spinning  armature  it  is 
not  (lifticult  to  ensure  that  air 
shall  be  driven  thiough  the 
machine  by  the  action  of  the 
armature  when  rotating,  and 
the  effect  is  usually  attained 
even  with  jHifeetly  open 
machines.  But  when  the  machine 
is  more  or  less  enclosed  the 
importance  of  passing  a  supi)ly 
of  cool  air  through  the  working 
p.irts  is  still  further  increased, 
and  Ian  blades  or  complete  fans 
Fig.  6J5.-Uriiibi.  Thori.!.oi,-Huu5i.,n  Moior  »iih  Fan.     ill e  mounted  SO  as  to  drivc  air 

through  the  iiuuhine. 
A  motor  with  such  a  Ian  is  shown  in  Fig.  625,  in  which  the  motor  apjiears 
with  the  shields  at  the  piilU  y  end  removed  so  that  the  fan  can  be  clearly 
seen.  The  motor  is  one  nt  the  P)riiisli  Thomson-I louKton  ("(  mpany's 
stimdard  motors,  and  is  i>iiill  in  various  sizes.  Tlio  Ian  is  a  suction  Ian 
drawing  air  through  the  motor  from  the  commutator  end  through  an  inlet 
on  tin-  underside  of  the  shield,  and  discharging  the  warmed  air  at  the 
p\illi  v  end. 

I' i[^e  Ventilated  Motors. — A  still  further  dt  velopment  is  necessary 
where  the  atmosphere  in  which  the  motor  is  placed  cannot  be  allowed 
access  to  the  working  parts  lest  an  explosion  might  follow.  In  such  cases 
if  it  l)e  (lolled  to  pas:^  lold  air  tlirongli  the  motor  it  is  evident  tliat  the 
necessary  air  must  Ite  obtained  from  a  clearer  atmosphere  at  a  distance. 
Hence  has  arisen  an  addition  which  most  mantifacturers  are  pre}iared  to 
make  to  their  standard  totally  eiulosed  motors  in  the  form  of  fittings  for 
connection  to  e.xternal  pijH;  systems  through  whicli  the  clear,  cool  air  can 
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be  drawn  from  a  safe  pl.uv  ,.nd,  H  lu.  -lu  r  .U  nn.!     ' -^-V'  Ij;;'  '^f  ^ 
slh  .1  ■  ,"lH-.von.ifatcd"  motor,  as  made  by  the  Brit..h  NVcstmghou:* 

Kk'ctric  ;iiul  M.inu-  -   

l.u-turiiiK  Company, 
is  shown  in  Fig.  62ft; 

At  llu-  (Dnimiitator 
1 11(1  ( ,111  1)0  ^»'t  :i  ll't' 
..jKiiinti  A  Uaiiptl 
(or  the  rtci  ptiKn  ot 
.m  inli  t  iiipo,  and 

;it    ttir    pulley  llli! 

two  similar  (ipcu- 
in^s,  B  and  c,  foi 
(■oimtHtiiin  to  an 
outlet  iiipe;  one  «>| 
these  ojK-ninKs  "I'b 
is  used  in  any  givi  n 
iMse.thcothorlH-int,' 
(  l(iM  (l  with  a  ]ilato, 
but  it   is  will  to 

shown  in  l-ii;  ,  <-'o«>l.  rU  ar 
air  is  drawn  in  tliinmh  llu- 
pijie,  uasscs  to  the  eumuuitator 
enclosure  and  through  the 
„v>t"r,  to  In-  (liMliar};ed 
through  oiu;  ol  thr  -iiitable 
ojH-nini;s  at  the  inill"  y  « lul. 

Wluic  the  warmed  air 
alter  im-.~iii.l;  throut,'h  the 
111,  if. r  can  be  >ately  iliMliaM:e.l 
in  the  room,  only  oue  I'lpe- 
ronncrtion  is  necessary,  as 
shown  in  the  r.iiti~h  ni-Mii-' -n- 
liuuston  motor  in  \^K-  <'-7- 

Motors  for  Kolliiii',  Mills.— 
Perhaps  the  most  severe  con- 
ditions  unde,  wlm-h  any  motor  can  l>e  called  v.iK.n  to  work  are  those 
oLning  in  rolhu,  mills.    The  variations  of  load  arc  probably  more 
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sadden,  frequent,  and  viulent  than  in  any  other  heavy  mechanical  set  oi 
operations,  pnd  are  such  that  they  have  taxed  the  ingenuity  of  engine 
builders  to  dt  sif^n  engines  to  fulfil  their  very  onerous  conditions.  It  will, 
therefore,  Ix;  intcnstinj,'  to  examine  an  ikctric  motor  specially  designed 
for  this  work  which  it  successfully  accomplishes. 

The  motor  referred  to  is  one  designed  and  manufactured  by  the  Crocker- 
VVliceler  Company.  The  frame  is  in  two  parts  readily  detachable  from  one 
another,  and  these  two  parts  are  shown  scpar.ai'd  in  Fig.  628.  At  the  first 
glance  it  is  obvious  that  the  motor  h;is  been  designed  on  the  lines  of  the 
traction  motor,  where  some  of  the  conditions  of  working  are  similar  but  not 
so  severe  as  in  rolling  mills;  The  external  appearance  of  the  motor  closed 
ap  and  complete  is  seen  in  Fig;  639.  As  would  naturally  be  expected. 


rif.  M.-Ciockci.WliMlet  Motor  foe  RoUing  HUb. 


the  chief  mechanical  feature  of  the  motor  is  solidity  and  strength  to  with- 
stand sudden  and  violent  strains.  The  frame  is  of  steel,  octagonal  in  shajie, 
and  cast,  as  aheady  mentioned,  in  two  halves.  The  lower  half  stands 
upon  four  feet  which  are  cast  on  it,  each  at  one  of  the  extreme  corners,  and 
so  placed  in  order  that  the  spread  of  the  supports  may  be  as  wide  as  possible. 
Each  foot  is  pierced  for  two  holding -down  bolts.  The  two  parts  of  the 
frame  are  held  together  by  four  holts,  one  at  each  corner,  and  the  electrical 
connections  between  the  two  halves  of  the  machine  are  brought  to  the 
outside,  so  that  by  disconnecting  these  and  the  four  comer  bolts  the  top 
half  can  be  lifted  ri^t  ofi  and  aU  the  intoior  parts  quickly  exposed  for 
inspection; 

In  regard  to  the  electrical  and  magnetic  parts  of  the  machine,  the 

armature  stampings  are  directly  keyed  on  to  the  shaft  by  a  substantial 
key,  no  intermediate  spider  being  used.  In  this  way,  at  the  sacrifice  of 
acme  ventilation  faciUties,  great  rigidity  is  secured  for  the  drive  through 
the  armature  laminations  to  the  shaft,  and  the  shaft  itself  can  be  removed 
and  replaced  with  comparative  ease.  There  are  the  usual  ventilating 
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,Uicts  between  tlic  laminations,  two  "f  these  U>inK  slumn  ni  Fig.  O2S. 
11,0  wimlings  are  simple  and  substantial,  the  insulati.m  nse.l  bcinR  fire- 
uroof  The  conductors  lie  below  the  outer  surfa.  e  uf  the  iron,  and  are  liel.l 
their  plaecs  by  non-magnetic  bands  and  wedges.  The  commutator  is 
„u.unt.a  ui>on  a  sleeve  projection  of  the  armature-core  end  flanse-a 
method  of  construction  which  enables  the  shaft  to  be  removed  without 
.listurbing  the  commutator.    It  is  substantiaUy  built,  as  was  to  Ih; 

'^^he*tiagnet  cores  are  solid,  and  part  of  the  frame  casting,  but  the  jiole 
.hoes  are  laminated  and  are  each  bolted  to  the  core  by  two  bolts;  The  air 
cap  is  wide  to  counteract  the  effect  of  the  wear  of  Ih.'  bc,irm^;s  and  to  a^M^t 
n.mmutation.  The  bmsh  holders  are  carried  on  spindles  bolted  to  the 
frame,  the  nuts  Wing  accessible  from  the  outside  and,  as  in  traction  motors, 
there  are  only  two  bn-  1. 
spindles,  although  the 
machine  is  four  pole.  The 

brush  holders,  etc.,  u;'ve  the 

substantial  construction  de- 

scribed  elsewhere  (vi-  page 

614)  for  the  productions  of 

this  firm. 

As  in  traction  motors, 

the  field  coils  are  series 

wound,  but  as  the  motor 

might  at  some  tinv   be  in 

a    position    never    arising  _crcK-k,r  wi,r,-!'r  m  -t  >,  f  r  R  -iiin^  Miii.. 

in  traction  work — namely,  .  j  1  1 

mder  a  solutelv  light  load  with  full  pressure  on.  a  shunt  wu.d.ng  is  added 
wS    by  providing  the  necessary  field,  will  cut  down  tin-  s,,c.  d  which 
Tth^^-ise  would  become  very  high,    llus  winding  is  such  tha-  the  m-.tor 
cS  run  at  more  than  double  its  norutal  s,..cl  if  the  !  .ad  \^  removed, 
m  motors  are  built  in  standard  sizes  from  u\  t,.  .00  .yi.  v..  and 

«  inHir»tion  of  the  it  mav  be  mentioned  that  the  feet  of  the  200  h.  h.  v. 
1^ Sver  a  floo  s  a  51  *  "-'hs  long  (ex-rlusive  of  shaft  projection)  and 
"tlhrv^de  and  it  ^  .;5i  ."c^-s  lu.h.  <  >th.r  examples  of  rol  mg- 
Su  motors  will  be  refened  to  in  dealing  with  this  particular  application 

HrM^.c  c.  c.  ilfo/ors.-Attention  may  be  called  here  to  the  motors 
desired  or  u^e  on  high-voltage  continuous  current  t-nsnussioyy^^^^^^^^ 
S  these,  designed  to  take  current  at  5,000  volts,  has  been  illustrated 

?ig  I  r)  and  Ascribed  at  page  197  in  connection  with  the  spen.  1 
eXor  for  shifting  the  brushes  as  the  load  is  vaned.    The  motor 

wS  ^ a  300-k.lowatt  machine,  was  designed  to  absorb  with  two  other 

£L  mactoi  the  power  received  through  the  high-vn,ltu,e  c.  c.  trans- 
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mission  line  at  tlie  Ironliriili,'!'  sub-station  from  the  \Vill(--(lcn  (;i<ncrating 
statiun  of  tlie  Metropolitan  lilcctric  Supply  Company,  Limited. 

V. — CONTINI  OI  S  (  I  RKI-NT  TRAMCAK  TRACTION  MOTORS 

One  of  the  most  interesting,  if  not  the  most  interesting,  of  the  di  vilop- 
m<?nts  of  the  continuotw  current  enclosed  motor,  is  that  which  has  been 

cviilvi'd  for  the  dri\  ini^  of  t  liTtric  traincars  and  I'lirtric  trains.  Tin-  ])robl(  iii 
to  be  solved  was  a  dilticult  one,  and  many  of  tlic  ditliriiltii  s  nnist  liavf  set  nu  d 
wellnigh  insuperable  to  the  early  pioiut  rs.  Ir.  the  Inst  phue.  in  tin-  imm 
of  tramcars,  the  motor  has  to  be  placed  utuU  r  tlu'  floor  of  the  car,  and 


Fig.  630.— Bnuh  Elcctiical  Engiiwaring  Conpony't  Traiacar  Motor. 


this  floor  cannot  be  raised  considerably  higher  than  in  an  ordinary  hors<  -car, 
The  vcitical  space  available  is,  tlii'ri'fore,  small.  Furtlier,  tin-  arniatnn 
of  the  motor  sliould  have  its  axle  at  rif;ht-anf,;lis  to  the  track,  and  in  tliir 
position  room  must  not  only  be  provided  for  the  armature  core  and  the 
windings,  but  alst)  for  the  commutator,  the  bearings,  and  the  reductior 
gearing.  On  narrow-gauge  tracks  the  space  available  for  all  these  necessarj 
parts  is  very  small,  and  in  sonii'  early  desif;ns  the  motor  was  placed  witl 
its  axle  parallel  to  the  track  and  drove  the  car  wluels  through  be\i'l  giar 
which  added  considerably  to  the  complexity  of  the  machinery,  antl,  as  e 
consequence,  to  the  vi^k  of  breakdown,  besides  absorbing  a  considirabU 
amount  of  jiower.  Within  the  conhned  space  ilescrilnd  the  motor  maj 
have  to  devdop  from  25  to  loo  H.  P.,  and  to  be  capable  of  standing  verj 
rapid  ciianges  of  load  fioni  zt  io  to  a  con.-ideiable  overload  in  the  course  01 
a  few  seconds.   Lastly,  it  is  carried  along  within  a  few  inches  of  the  roac 
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,  ,1,  kinds  (.f  w.  atlu  r.  and  must  tli.  r.  fotf  liavi-  its  working  |x  rf.  clly 
:„.ticttcl  fn.in  (lilt.  ^-rit.  nntd.  wat.  r,  an.l  other  tr.«iW.-««.mr  inflwnr.-s. 
■Ahich  would  quickly  dan.a^;.'  tli.'  .  l.  i  tii.  al  an.l  ium  iK.i.i, v.l  cnnip.n.  i,t-. 
I  his  necessity  for  awnplcte  enclosure  incria>t  s  tin  dillK  iilu  oi  kn  pniK  the 


Kig.  63..-«riish  Tiaincar  Motor  (Upper  Half  R»i'«!). 

motor  cool,  for  all  cnw^y  lost  electrically  and  magnetically  apF^rs  as 
heat  inside  the  motor  cas-'.  All  the  so  and  oth,  r  c^uluiuns  hay.-  h  rn 
satisfied  in  the  modem  tramcar  motor,  an<!  n.,t  th-.  kast  i-  „Kukal,l.'  result 
is  the  amount  of  power  which  it  can  develop  in  proportion  to  its  weight. 
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for  wc  find  that  small  motors  for  li^lit  work  will  usually  (liw  one  rat<v 
H.  P.  per  42  lbs.  of  dtad  wciglit.  wliilst  the  larKi  r  motors  (or  luavicr  w«)rk  ar 
rated  for  the  same  amount  of  jxiwtr  fur  tvtry  is,  lbs.  of  tluir  wiinht. 

For  tramcar  work  perhaps  the  first  difhculty  b  one  of  speed,  sine 
there  Is  not  room  for  the  large  and  heavy  slow-speed  motors  describe 
above,  and  ordinary  ilectric  motors  run  at  sjxi  ds  wliich  make  it  impossiU 
if  the  usual  wheels  are  used,  to  build  the  armature  on  the  running  axl 
For  instance,  if  this  axk  were  spun  at  a  speed  of  1,000  R.  F.  M.,  then,  stipp ' 
ing  the  wbeeb  to  be  only  ai  inches  in  diameter,  the  speed  of  the  car  wuul 


Fig.         End  Vkw  and  Swtka  s(  Braah  Tiaawu  Molar. 


be  over  a  mile  a  minute.  Thus,  if  tlie  motor  sjxcd  were  brought  down 
500  R.  P.  M.,  it  would  still  drive  the  car  much  too  quickly  for  ordina 
traffic.  Some  kind  of  speed-reduction  gear  is  therefore  absolutely  necessai 
and  in  some  of  the  earliest  forms  the  requisite  reduction  in  speed  w 
made  in  two  steps  by  using  a  double-reduction  gear.  This  was  in  the  da 
when  bipolar  motors,  not  differing  much  from  early  genrrat<ir  types,  w( 
used.  With  the  great  modification  in  form  shown  in  Fig.  569  {see.  page  51 
Vol.  I.),  evolved  about  1891,  single-reduction  gear,  consisting  of  a  sinj 
pinion  and  toothed  wheel,  became  iwssible,  and  this  method  is  now  univi 
sally  employed.  For  railway  traction  work  reduction  gear  may  be  dispena 
with  altogether,  and  the  running  axle  used  as  the  axle  of  the  annatun 
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Thf  outside  appearance  of  the  modem  tranirar  niotnr  i«  shown  ir 
FiR.  ();<>.  wliirli  n  pri  st  nts  .i  50  ii.  I',  motor  as  Imill  by  the  lirush  KU'Ctrica 
IjiKinceriiiK  (  onii'.iiiy.  All  tin  working  parts  are  encl.wd  by  a  water-tlgh 
case,  b«t  the  hni-lirs  can  be  in-prctcd  by  «>iMiiing  tli.  .  ..v.  r  a,  wliiKt  tin 
covers  n  pivc  fatilitits  for  insptt  ting  the  bearings  an»l  tor  lubrication.  Fo 
moretlioio  upli  insjH « t  ion  and  repair  thcrasjpt;  is  in  two  parts  hinged  togethe 
at  11  II,  till'  joint  Ix  int;  can  fiillv  iiiacliiiml  to  rnstirr  it^  l><  iiiK' wati  rtifiht 
The  end  o{  tlie  armature  axk  is  seen  .it  X.  the  second  Ixaring  c  Wm^  fo 
the  axle,  which  carries  the  running  wheels. 

i:it  rtrically,  ihr  diff.  n  nc<'  Ix  twci  n  modern  motors  and  the  earlier  typ 
shown  in  Fig.  V")  {Vol.  1)  i^^  tliat  the  latter  is  a  bipolar  machine,  whibt  it 
successors  are  almost  iiivari.ibly  dtsigmd  with  four  polis.  This  is  ch  arl: 
seen  in  Fig.  6ji.  which  shows  the  Brush  motor  of  Fig.  630  with  the  upjx- 
part  of  the  frame  raised,  showing  the  two  tipper  poles  and  other  workini 

parts.  The  outer  fram 
or  body  of  the  moto 
is  of  cast  steel,  froi 
which  the  cores  am 
jioUs  of  the  magne 
project.  The  latter  ar 
laminated,  b<  ing  huil 
up  of  sheet  sttvl ;  whc 
fmi'  hed  they  arc  boltci 
to  the  frame  by  th 
bolts  seen  cloaiiy  i 
Fifjs.  630  and  632.  The  surfaces  where  the  core  and  the  frame  arc  in  cor 
tact  are  vi  ry  carefully  machined  so  as  to  ensure  a  good  magnetic  joint,  fo 
these  surfaces  cut  right  across  the  magnetic  circuit,  as  d:ies  tlie  join 
between  the  two  halves  of  the  casing  which,  therefore,  must  Ix;  carefull 
machined  and  fitted,  not  only  because  it  has  to  be  mechanically  watei 
tiu'lit,  but  also  iH'cause  it  has  to  be  magnetically  good.  The  niagnetisin 
Colls  surround  the  cons,  and  are  held  in  tlieir  places  by  ilie  projectin 
polar  tips  and  by  special  lugs  which  can  be  seen  in  the  tigure.  These  coi 
are  first  wound  upon  moulds  and  then  carefully  insulated,  baked,  an 
waterproofed  Ix  fore  binng  placed  in  the  motor.  Further  details  of  th 
motor  are  given  in  Figs.  6  ;2  and  633.  The  lower  half  of  Fig.  632  sliows  a 
end  elevation  minus  part  of  the  gear  case  on  the  right-hand  side,  wliil: 
the  upper  half  is  a  cross-section  perpendicular  to  the  axle,  and  passir 
through  the  po-ition  of  the  nearer  magnet  bolts.  It  will  be  noticed  th; 
part  of  tlie  magnet  core  is  cast  solid  with  the  casi'  projecting  inwards  alx)i 
1-5  inches.  To  this  s<i'id  part  of  the  c  r,-  tlu  laiianated  putiinM  ii  UjUc 
by  two  bolts  (I^ig.  633),  the  heads  of  the  bolts,  as  can  K>  seen  in  Fig.  63 
being  in  a  recess  in  the  pole  face,  and  the  ends  of  the  liolts,  projecting  inl 
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,  ,.,.<m^s  in  tin-  riiitiT  c.i'iini;  win  re  arc,  ci^ils  .k  c  i-^^ililr.  tin  mil';  Imk 
aiits  for  tiKlitt'iuitK  up.  llu'  laiuiiutrd  (M>itii>n  hi'l<l  tup'tlur  by  toiii  lN>lt>. 
i<i  built  up  nf  stampinKS  which  towards  the  armaturr  an*  extf>nit«-<l  to  form 
tin-  widt  r  jx>lr  f.io  s,  and  tli'is.  incidentally.  Rive  th<-  m  crssai  v  {>ii>ji  (  titm* 
|.T  licil  iinL;  till'  maputiMnt;  cuds  in  their  iHaa-s.  Ihf  cdh-  75  uicln'* 
I,.iiL^  tiid  5  .'5  inchet  thkk,  thit  thkknen  being  expancktl  to  7  25  tnch»s 
liir  thi*  poU'  face. 

The  armatun;  ha!«  sulwlantial  teeth  and  rectangular  slots  in  which  the 
(..rnn  r-wiiiiTid  (niN  arc  j)l.u'cd  in  two  layers,  and  li"  id  in  tln  ir  l.v 
bindinf*  wires,  which  can  Ix'  s«rn  nion-  clearly  in  l-if*.  »)  }4,  wiiii  li  d«  j.ii  ts 
a  finished  armature  of  this  make.  There  is  am  ra»lial  vrntUatinR  duct 
plaa>d  not  quite  centrally,  bat  nearer  to  the  oommtttator  end,  |»esumably 


FiS-         BlWib  ThoowMi-HointMi  Tfrnacar  Motor,  wilk  Omr  Cm 

to  allow  the  central  .  ending  wires  to  be  placed  midway  on  the  core,  • 

face  of  whirli  is  niacliined  out  to  receive  them.     Tin'  di-iiuire  'liens  v 
the  radial  ventilating  duct  can  bt>  seen  very  clearly  in  the  riKht  -hand  <iuadrr  t 
of  Fig.  632 :  they  project  altemateh  two  and  one  from  the  adjacent  •  1. 
plates.    The  over-all  diameter  of  the  armature  is  14  25  inchi-s,  and    '  ■ 
air  gap  is  relatively  large,  a  large 'air  K^ip  being  necessary  in  this  ty| 
of  motor  for  both  electrical  and  niechaiiiral  reasons,    lllectric  ills-,  it  as~i>ts 
commutation,  and  mechanically,  it  tends  to  minimise  the  evil  effects  of 
dcccntering.  to  which  attention  has  been  called  elsewhere.    Such  de- 
CeiileiiiiL;  will  inevitably  occur  ;ls  the  linings  of  the  Uarings  wear  away. 

The  details  of  the  commutator  construction  can  Iw  made  out  from 
the  section  in  Fig.  633,  whilst  the  brashes,  which  it  will  b'  remenilx  red, 
are  to  bo  placed  (j'j"  apart  on  the  commutator  are  clearly  seen  in  Fig.  631. 
The  commutator  is  a  substantial  one,  and  has  a  working  surface  parallel 
to  the  shaft  of  about  3-5  inches,  to  enaUe  a  pair  of  toushes  to  be  used  on 
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each  side.  Attention  should  bo  calUd  to  thr  device  intend-d  to  keep  the 
lubricatinR  oil  from  the  bearings  from  reachins  tlw  a>ni.nutator.  It  can 
be  nio'^t  clearlv  s. m  in  Fi^'s.  f)?i  and  633  in  the  shape  of  an  annular  disc 
D  which  revolves  in  .1  recess  k  in  the  frame  casting.  A  similar  device  is 
used  at  the  pinion  end  of  the  shaft. 

Exclusive  of  the  gear  case  and  pinion,  the  motor  is  34  inches  wide. 


Fij         —niiti^h  Tli'iri<nnH  nM- n  Tr.imcnr  Motor. 


37  inches  long  in  the  direction  of  the  shaft  and  25  inches  high.  It  is  design 
for  an  output  of  50  b.  h.  p.  when  lunning  at  a  speed  of  400  K.  P. 
and  supplied  with  current  at  500  volts. 

.\s  another  example  of  a  well-known  and  widely  used  tramcar  mot 
Fig.  6}5  shows  a  tramcar  motor  with  the  gear  case  attached,  built  by  t 
British  Thomson -H-nst on  Company.  The  substantial  character  of  t 
construction,  and  esiKciallv  the  provision  of  amply  massive  bearmgs.  v 
be  evident  on  inspection.  Tliese  bearings  are  aU  provided  with  large  res 
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voire  for  oil,  easily  accessible  by  tlie  lifting  of  th.'  lovn-;  ere.  ilu- 
ivinovabU'  cover  B  is  provided  so  that  the  brush  giar  iiiul  coiiiiuiitator  may 
bc'  iii-pccted  ;  A  A  are  the  leads  from  the  brushes  and  f  the  leads  (rom  the 
tkld-magnet  coils.  The  desii^n  of  tlie  brackets  by  wliuli  tl;.'  v.  nio\aMe 
gear-case  is  securely  attached  to  the  niulor  casting  >houl.l  be  nohil.  llie 
same  motor  is  shown  with  the  gear  case  removed  and  the  l,.\ver  put  of 
llie  ca-ing  opened  downwarcls  in  Fii;.  bjG,  the  armatuie  bting  su>tained 
by  the  bearings  in  the  upper  pari  of  the  casini;.  It  will  1h'  noticed  that  the 
massive  screws  hxing  the  cores  and  their  atlaelud  pole  lae,s  to  the 
lianie  do  not  show  thnin^h  on  the  latter;  their  heads  can  Ix:  Men  at  S 
and  s  in  the  precetling  Fig.  635. 

Ihe  armature  is  slujwn  sepaiatelv  in  Fig.  (\\7-    I*  '"^ 
stautial  construction,  the  teeth  being  particularly  iiia:,sive  and  Uw  m 


Fig.  «37.— Amamte  of  BiitiA  ThoniKm-HcmMon  Tramcar  Motor. 

number.  The  core  is  provided  with  two  wide  radial  ventilatin.:  duel--  for 
cooling  purpo-.s,  and  the  fornur-wound  coils  are  held  in  the  wide  open 
slots  by  bands  of  steel  binding  wires,  three  of  which  are  on  the  core  placed 
in  recesses  machined  out.  For  reasons  already  fullv  ,  splamed,  the  m  .^tuenis 
of  the  commutator  are  very  numerous  in  all  these  mod.  rn  traction  aunalin.  s. 
Five  of  these  segments  adjacent  to  one  another  have  Ueii  marked  with 
white  radial  lines;  thev  are  the  s.-^meiits  b.len^'ing  to  the  coil  l,  marked 
with  a  white  line.  In  other  words  there  are  live  .  .n.mntalor  i;nu  nts 
per  slot  the  relative  positions  of  the  slot  and  its  segnu  ius  about  .^s  -m'  'it, 
Ling  as  shown.  ihe  guard  c  G  for  keeping  the  lubucatnig  (.il  Iroiii 
spreading  from  the  bearings  to  tiio  commutator  is  very  clearly  mdirate.  . 

In  recent  designs  of  traction  motois  interpoks  have  been  mtroduted 
notwithstanding  the  limited  space  which  is  available  m  what  may  be  called 
the  polar  volume  for  any  such  additions.  The  conditions,  liowevt*.  under 
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which  the  motors  hav<-  to  work,  esptcially  if  electrical  braking  is  larRely 
used,  make  sucli  demands  on  the  commutatinf;  arraiif^.  iiu'nts  tliat  lu.  d.  vin 
which  would  improve  the  commutation  can  be  passed  over  if  it  be-  at  al 
possible  to  introduce  it.  The  action  of  interpoles  on  the  commutn  ion  ha 
been  dealt  with  .  Isewhere  (src  pages  107  to  in),  and  we  are  now  only 
concerned  with  their  introduction  into  traction  motors. 

The  problem  of  such  introduction  has  bt>en  successfully  solvid  b'- 
M,  s-;is  Dick  Kerr  and  Co.  Fig.  638  shows,  with  its  gear  case,  one  of  th.  ii 
recent  motors.  I'.xternallv,  it  is  not  very  different  from  the  motors  pre- 
viously describ  .1,  but  it  will  be  noticed  that  in  addition  to  the  b.-lts  at  a 
and  A,  which  hold  on  the  ordinary  cores  of  the  field  magnets,  there  are 
shown  the  nuts  of  bolts  at  B  for  the  attachment  to  the  frame  of  the  core 


Fif.  638.— The  Dick,  Ketr  and  Co.  (O.K.)  InttriKjIi;  Tr.-iii,r;,r  Motor. 

of  an  interpole.  Thise  interpoles  are  of  solid  steel,  and  are  fittcc 
symmetrically  Ik  tween  the  main  poles.  Before  leaviiif,'  the  external  view 
it  may  be  noticed  that  the  armature  leads  are  broui^ht  out  at  M,  and  tb 
field  magnet  leads  at  F  ;  the  connection  of  the  gear  case  to  the  moto 
frame  should  also  be  studied. 

Further  interesting  details  of  this  motor  are  given  in  Plate  XI.,  ii 
which  will  be  found  two  views  of  the  motor,  partly  in  section,  and  parti 
in  elevation,  with  a  number  of  the  principal  dimensions  added.  The  gem  r; 
appearance  of  the  field  magnets  of  the  motor  will  lx<  more  readily  realiM- 
from  an  inspectiim  of  Figs.  659  and  640.  whicli  sht)W  respectively  the  iippt 
half  and  the  lower  half  of  the  I'u  ltl  frame,  with  the  jxiUs  and  i  xcitatio 
coils  in  i>osition.  Three  of  the  interiH)les,  it  will  bo  noticed,  are  attache 
to  tlie  upper  half  of  the  frame,  and  the  remaining  one  to  tht-  lower  hal 
the  details  of  the  atlachment  of  the  cnus,  etc.,  of  the  two  hori/  uital  intei 
poles  being  more  clearly  seen  in  the  right-hand  figure  of  Plate  XI.    A  con 


639 


Electricity  in  tur  Skmvice  of  Mait 


parison  of  the  section  in  the  plate  with  Fig.  639  wUl  make  the  methci 
quite  clear. 

Tlic  C01V5  of  the  field  magnets  (sffi  Plate  XI.)  arc  laminated  for  a  distarjc 
of  3  inches  from  the  pole  face,  wliere  they  bed  on  to  a  solid  !>ut  -hoit  coi 
projecting  i  inch  inwards  from  the  frame.   These  cores  .ire  aLout  10  inch, 
lout,'  and  4i  inches  wide,  the  width  beinj,'  cxter. '  cl  to  form  the  pole  fac. . 
whieli  has  a  \\id>h  of  about  7  inches  opi)osite  t'lie  armature.    The  lamina- 
tions are  held  toL;ether  betwwn  substantial  i  nd  j  lates  by  four  bolts  bh  ir 
each  core.    They  are  seemed  to  the  frame  by  substantial  scnws,  ;  nu 
in  diameter,  which  do  not  penetrate  as  far  as  tlio  pule  face,  wliicli  is  tiui 
left  clear  for  the  magnetic  flux.    The  left-hand  figure  of  Plate  XI.  is  a 
verti.  .d  section  throuf^li  the  axis  and,  with  the  other  fissure,  eivis  full 
details  of  the  intevpoles  which  are  buiU  up  of  solid  m<  tal  in  srvnal  i^n  e.  ^ 
to  provide  the  necessary  flanges  for  holding  on  thi'  ex.  itini,'  coils,  as  \v>  1 
as  the  u=ual  c<^re  and  pole  face.    ICaeh  core,  etc.,  is  held  on  by  two  bolt.^ 
as  shown,  these  l)olts  beiut;  li,:;liteuid  up  Irom  the  outside. 

The  armature,  which  is  shown  separattly  in  I'i^'.  (M.J  is  ijl!  iuelus  11 
diameter,  wiili  a  core  10  inches  long,  having  35  wide  open  slots,  as  shown  n 
iW  ritiht-hand  limine  of  the  plate,  and  with  no  radial  ventilation  duct; 
such  as  appear  in  the  annatuns  previously  iksciilxd.  The  conductors  an- 
as usual,  held  in  place  by  bands  of  steel  wires  in  recesses  macliinei 
out  froin  the  core.  This  core  is  built  up  of  thin  sheet-steel  disc; 
covered  with  iusulatin,!-  lac(iuer.  The  coils  are  former  wound,  anc 
are  covered  in  the  first  place  with  double  cotton  and  arb(>tos,  and  then 
three  coils  being  laid  together,  they  arc  cncasetl  in  mica  with  i-ape 
insulation,  and  afterwards  covered  with  a  thin  webbing,  the  wliole  beiuj 
dipped  in  a  thin  insulatint,'  compound  and  finally  baked.  Each  separai 
coil  end  is  indicated  by  a  distinctive  col<iur  to  facilitate  it  brini;  couuk  tr, 
up  to  the  commutator.  Many  other  interesting  details,  to  some  of  w  liiel 
reference  will  l^e  made  later,  are  shown  on  Plate  XI. 

Mechanical  Details.— It  will  be  unnecessary  to  repeat  much  of  wha 
has  been  already  set  forth  in  considering  interesting  points  of  design  ii 
ordinary    /Utinuous  current  motors,  so  far  as  such  details  are  tr 
siinihulv  in  traction  motors.    The  special  conditions  of  serMce,  hf 
alhukd  to  above,  i;ive  lise  to  some  minor  modilications  in  design  in  ai  i 
to  the  ni  ij  tr  modilications  already  noted.    A  few  of  these  modification 
will  now  be  n  ferred  to. 

Shaft  7)/;,  1/),^'.— Because  of  the  sudden  and  great  changes  in  load,  th 
meehauicd  connection  brtween  the  whole  coii'  and  the  shaft  luu-t  be  \  .  1 
rigid  and  strong,  and  the  core  and  shaft,  con-idered  as  a  ^inI;le  unit,  iiiib 
be  very  substantial.  This  is  well  illustrated  I  v  Fig.  ()4i,  which  represeni 
the  sh.itt  and  uiuvouiid  armature  core  of  a  \\\ -t iiu;lii .n-e  motor,  but 
slots  and  leelli  are  nlatively  large,  and  there  are  thnly-uine  of  each. 
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It  b.  of  course.  hirtluT  nrn-aiv  f>'i  \^^<^  -if''  iliiviiu;  ..f  tlir  in.>t'  r  l-v 
the  coppiT  conductors  in  wliich  tlir  dinmt;  tout^  an  m^t  d.  \.li.iHil.  that 
th.so  conductors  shoukl  Iv  Ji.  1.1  s«t  nr.ly  in  thiir  placs.    In  tli.-  traction 

iimtois  d.  -ciil).  d  alx.w  ih.-  -l-i-  ^ll-w^  in  the  vaii.'U--  .liawiiins  are  uU 
widi;  open  slots,  ami,  as  has  U  i  n  i"'int.d 
out  more  than  once,  the  coiidiirt<  i^  an; 
tni.dly  h<ld   in  thiir   plaas   l)y  ImuliiiK 
wins,    llu'  aiiiiatnre  rai(a-ii  in  I'ii,'.  (>4J  is 
alst*  drsiKiud  .-o        to  imdM  inM-<>ary 
till'  same  .  .Ihod  ot  count irac tin),'  ctntri- 
lu^;al  (ones.    In  this  case  the  armature 
wins  .iif,  as  ii-iial  tirst  wound  on  toiimrs 
and  arc  grouind  in  sets  of  tliix'.  insulated 
from  one  another,   and   with   six  ends 
liiMii-ht  cut  (or  iMiimction  to  the  com- 
inutatin.   ll.u  li  m  I  is  can  fuUy  bound  with 
a  M  i\ii!,^  of  iii-ulatiiii;  matt  lial  and  tap.  d, 
vaini>li>d  and  bakid  Ulorc  Uin^  Kud  in 
tlic  slots,  in  which  it  is  placed  in  the 
usual  iK)sition.  I'.t  thi'  final  l-indinu  wins, 

recesses  arc  cut  in  the  outer  pmpiuiy  ()i 

the  core  discs,  as  can  be  seen  by  inspt  ctiii^' 

the  timue.    TliiM'  recesses  are  sulliciently 

drip  to  Milk  the   outer   sufface    of  the 

binding    win  s   beluw   the   p  lu  ial   .  uter 

^uitace  of  the  ttetli,  and  tlaielure,  even  if 

the    teeth   thmuKh  the  wtarinR  of  the 

lH  ai  inL;s  bli.mld  happ.  ii  to  touch  the  pule 

laces,  these  wires  will  not  be  damaged. 

In  this  motor  there  is  a  hand  hole  in  the 

Inwri-  casr  tliioiuh  wliicli  th.'  air  t,'ap  c;m 

be  ni~pe«-l.  d  aiul,  so  as  to  L;uanl  ai;ainst 

the  above  danger,  the  ell.  ct  of  the  w.  ar- 

in-  of  the  bearings  ascertained  without 

dir-iiuuitlini,'. 

rLii/j',(//i"!.  - Traction  nvtois  b<  in^'  en- 
tirely enclosed,  ellicient  ventilation  becomes 

verv  difficult,  and  in  many  cases  is  con Imed 

to  dauni,,..  up  the  an-  n.Mde  and  ensunnt;  (hat  it  is  contmually  duven  U.n.UKh 
the  narts  of  the  machine  in  which  the  ohmic  and  other  heat  is  bi-mg  pro- 
duced.  This  continuous  circulation  of  the  air  tluou.^h  the  Miniature  and  its 

,■   >   ^nst  the  laces  of  the  poles  is  secured  in  many  c.Lses  by  radial 

ventilating  ducts.    Attention  has  already  bc-en  called  to  these  ducts  m 
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the  case  ol  tht-  Bru>li  in- -tor  (Fi^.  6.H)  uml  the  British  Thomson-Hmistn 
motor  (l  in.  6)7).  In  tlw  anmiturt!  carcase  ol  the  Westinghousc  mot( 
(l  i^;.  6 to  the  central  ventilating  duct  can  be  clearly  u*ti.   In  all  »uc 

ra.lial  duels  wh.n  the  uniiature  is  rotating  the  ttiidencv  will  b.-  for  tl 
entlijsed  air  to  move  outwards,  and  if  only  proiM.r  longitudinal  liucts  ai 
provided  for  the  dravinR  in  of  cool  air  from  the  ends,  ethcient  circuiatic 
\s\\\  l..ll<.\v,  .siMcially  if  tlie  spaciiiK  pieces  necessary  to  form  the  due 
an  shap.  d  so  as  to  assist  the  iiatuial  fan  action  of  the  rotating  core. 

In  the  IMck,  Kerr  motor  (Plate  XI.)  th.  re  are,  how.  v.  r.  no  radi.  .  v.  nt 
latins  tlucts,  as  will  be  seen  on  an  inspection  of  Fig.  64^.  which  represen 
the  hnislu  d  armature.  The  ventilation  ol  this  armature  is  ensured  by  ti 
fanniiu;  aetiou  of  the  c<,r,:  . '1  >ns  '.  tvv.  i,  ariiiatur-'  coil-,  and  tl 
mmniutator  siginents.    Ihc  connections  arc  made  ol  iluii  slu  1 1  cupp 
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Strips,  SO  shaiM:d  that  wh.  n  llu-  annatur,.  rotates  they  act  as  fan  vanes  a 
draw  air  through  the  annatuve  core  from  the  «ear  end  towards  the  comir 
tator  end.  Tte  air.  however,  is  not  simply  churn,  d  round  ins.de  the  mot 
for  there  are  two  smaU  openings  on  the  t-  .p  of  the  shell,  one  at  the  gi 
end.  through  which  air  can  enter,  and  the  other  at  the  commutator  e 
through  which  some  of  the  heated  air  can  be  expel  ed  A  current  of 
is  thus  set  up  through  the  motor,  which  .s  claimed  to  be  so  effective  t 
L  motor  runs  fuUy%5  per  cent,  cooler  than  would  otherwise  be  poss.t 
The  passaK.  s  by  which  this  .lir  passes  through  the  armature  core  are  sho 
at  D  D  m  both  figures  of  Plate  XI.  ,   •  t 

romf»«to/ors.-The  general  principles  of  comnmtator  chsipn  h. 
already  been  fully  dealt  with,  and  the  reader  will  have  no  d.lT.cuU, 
following  the  details  of  the  commutator  of  the  Brush  traction  motor  sh.. 
in  Fig.  6n  and  of  the  Uick.  Kerr  traction  motor  shown  in  Plate  . 
Atlenlio.:  ihould  be  specially  directed  to  the  devices  by  winch  the  differ 
parts  of  the  commutator  are  held  rigidly  together,  and  those  by  wh 
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,  . ,  «i„  ,l.  o.n.mutator  to  rigidly  coBnecteU  to  the  olUr  p»it»  oi  tlw  rotor 

,1  tUo  luachiiu'. 

An  atWitiunal  .  xjxnyW  ..f  tht-  c..n«nutat..r  of  a  tractum  root..i  is  ^;«v.  n 
,„  l  i .,4 Nvl.ich  is  u  hnt.  .hawing  partly  in  section  and  partly  in  •J'  v.iu.  n 
I  tl.c  o.imimiaK.r     a  British  Thomson-Hiweton  motor.   It  will  be  u*^"' 
i„r  the  rt  adcr  to  comj-ar.  tht-  d.  t  iiU  ol  this  drawing  with  thows  ol  tlie 
i.revi«>u.s  drawings  rikrnil  to  alx.vi-.  «...    1.  ;.«» 

Hrush  Ctar.-lhc  conditions  of  working  also  mattrially  affrtt  tin-  diMgti 
,,1  tlif  bui^h  «<Mr.  In  the  lir-t  i>l.ur, 
tlif  brushi'S  niu-t,  if  p<i->-il>li'.  l"' 
tixrd  brushw,  and  im  ailju-^tiiu  til  <>{ 
Ir.id  t.r  Uti  sill  mid  be  rt  iiuircd  at 
uiy  1a  !i  vvithiMit  interpoles 

tins  i(mtlil!"H  h-i-  -^it:  lud  in 

the  modern  Iranicar  inutur,  but  with 
thi  ir  aid  the  running  has  been  made 
piarticallv  sparkl- with  lixid 
brushes  under  all  ordinary  loads. 
Then  again  the  motor  must  be 
(  :H>abl.'  of  running  in  either  direc- 
tum, riius  the  brushes  should  b" 
radial,  ami  carbon  biu>li<  s,  in  one 
form  or  another,  admirably  satisfy 
this  cf)ndition. 

Fiirtlur,  as  the  mot!)rs  arr  four 
pole,  the  collectinf,'  points  are  go' 
apart,  but  femr  sets  of  briislit  s  need 
not  be  used  for,  as  has  been  shown 
elsewhere,  the  armature  windings 
t  an  U-  >o  arranged  that  two  sets  of 
brushes  only  are  necessary.  This 
enables  the  whole  of  the  brush 
mountings  to  Ix'  coi.t.iiiud  in  >>nv 
half,  invariably  the  upper  half  of  the 


fig.         CoauiulAtor  >4  B.  T.-H.  Timmiaf 


lu  ll— a  nio>t  convenient  arrangement, 
both  as  regards  neatness  of  design  and  accessibility  for  niamt.  nance. 

The  general  metlu.d  of  satisfving  these  conditions  can  be  gathered 
ironi  Figs.  044  and  (.45.  ^v!'i^l'  ^''ve  two  examples  of  the  Brush  gear 
designed  by  the  British  Thon>M.n-Houston  Company  for  th.ir  traction 
motors.  The  position  of  such  brush  gear  in  the  upi)er  .  i.e  of  a  motor 
can  be  clearly  seen  in  the  view  of  the  open  Brush  motor  in  Fig.  (.31. 
The  brush  holders  are  s.  rurely  bolted  to  the  raM.u:.  but  are.  of  c-mrse 
insulated  Uom  it  ;  they  can  readily  b.-  removed  il  r»  ,uircd.  In  the 
dctaUs  of  the  brush  gear  of  the  British  Thomson-Houston  motors  shown 
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in  the  ligures  can  he  seen  the  method  of  attaching  the  holders  to  thf 
frame  (i^the  m..t<'r  hv  a  hard-woiul  base  up'.n  which  tlu'V  in""nt.,l 
and  which  is  bolted  U)  tlie  Irame.    Eadi  holder  carries  Uvo  bru^hes  nul. 
jM  iident  of  one  another,  each  mounted  on  a  spring  finger  made  of  bronze. 
They  are  adjuMaljlo  paiall.l  to  the  axis  and  also  radially. 

Further  details  for  tho  mounting  i>f  traclion-motur  brushes  are  given 
in  Plate  XI.  for  the  Dick,  Kerr  motors.   Two  views  are  given  at  the  top 

of  the  right-hand  ligure. 
one  in  elevation  and  the 
other  partly  in  sx  tiun. 
The  brush  gear  is  not 
shown  in  the  left-hand 
t'iL;urc. 

LniiriciUion. — For 
motors  which  have  to 
run  for  long  periods  in 
such  inaccessible  posi- 
lioiis  the  details  of  the 
lubricating  arrange- 
ments have  to  be  can 
fully  desii,'ned.    In  the 
examples  already  given 
attention  has  been  called 
more  than  once  to  the 
reservoirs  provided  for 
the  supi'ly  of  oil  to  the 
bearings,  and  some  of 
the  drawings  show  the 
devices   by  which  the 
circulation  of   this  oil 
through  the  bearings  is 
ensured. 

It  is  also  necessary 
that  the  gear  wheel  and  pinion  should  he  well  lubricated,  not  I'lily  to 
diminish  the  wear  on  thtf  surfaces  of  the  teeth,  but,  in  addition,  to 
minimise  the  noise  often  produced  when  a  large  amount  of  power  fe 
being  transmittrd  I'V  toothed  gearing.  In  modern  traction  motors  the 
gears  practically  run  in  oil,  as  will  be  gathered  from  Fig.  04b,  which 
shows  separately  the  gear  case  t)f  a  Dick,  Kerr  motor.  In  this  gear  case 
the  ri-.-ervoir  f<ir  the  oil  is  exerptioiially  deep  and  ample.  The  ^ears  can 
be  easily  inspected  wlien  the  lid  L  is  lilti d.  and  when  nec  e.-^ary  tho  top  half 
of  the  case  can  be  thrown  open  if  the  bolt  a  be  withdrawn. 

It  is  also  very  important  tliat  the  oil  sliouid  be  preventui  from  pene- 
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trntinR  to  the  commutator  or  to  the  inside  of  th(^  m"tnr,  ritlirr  bv  *  rav.  llm- 
,l,.iv  ll.f  •^iKift  IT  bv  splnins  or  otlicrwisc,  and  more  tlum  oiuo  Uie  atu  ii- 
iioirui  the  ic.ul.i-         hrcn  dirertod  to  the  safeguards  desif,Mied  (or  this 
purpose.  In  the  Diok,  K.  ii  intri  polr  motors \W  anaiiuniKMit-  iMcvontiuR 
il.e  oil  from  reaching  the  bearings  are  very  thonmgh.    Tii.  be.ning  h^xes 
|,,r  the  armattire  axle,  as  will  be  seen  in  Fig.  642,  are  ^  lid  >  i-tuigs,  thus 
„Mking  the  ihtrriMr  <.f  tlic  n;..tu,-  pra.  ti.allv  ..il-pPH.f.    Tl.e  eastmgs  are 
not  only  large  enough  to  yx^^xvV  .nn,>lr  i.Mrv..i,s  for  tlie  ml,  hut  al<o  to 
allow  loose  ring  lubrication  (w  Tin.'  XI.).  uln  l.  i-^  so  o.in!n..n  in  lisrd 
Ml  u  hin.  ry,  the  oil,  alter  u^e,  being  drained  back  into  the  reseivous  through 
Channels  hi  the  linings  of  the  bearing.    It  is  claimed  that  these  bearings 
(-an  be  run  for  a  fortnight 
without  re -oiling.  The 
,  milling  axle  bearings  arc 
Inbiic'.itcd  by  1  i^ttoii  wii  k-, 
the  lower  eiuN  of  whii  li 

dip  into  the  oil  reservoir, 

the  iii>]i(r   being  pressed 

again-t  the  axle  by  siniiig-. 
yiolor    Gearing.  —  For 

ilectrie  railway  work  it  is 

possible  to  build  the  motor 

armature  on  tlu-  axle  to 

which  the  driving  wheels 

arc  attached,  but  the  con- 
ditions of  tramway  service 

with  its  numerous  start- 

to  interpose  between  the  niatiu.  and  the 
nmi  iiig  iNles  some  form  of  speed-reduct.<m  geanng.  ho.  Muh  p^d 
scvc,  al  fo,  „w  of  nuvhani.ii  a,v  in  common  use  for  '^ther  pui  po-- 
^  mention  the  chicl  lorni^ :  there  aie  spur  gearing,  worm  gearmg,  cha  n 
gca  ng,  belt  driving,  and  hutioii  dutches.  Of  these,  though  ; 
r.th. have  been  tried,  ordinary  spur  gearmg  has  survived  a.  the  1.  os 
s      ble  for  the  various  practical  conditions  of  tramcar  working. 

(in  her  be  sinic-reducti,-,,  gearing,  double-ichiction  ge.irmg  .U" 
SlS^complieated.  In  the  early  days  of  elect, ic  tramway  work  -h  n 
bipolar  motors  only  were  available,  the  ^^^'^f^^^^.^ 
was  such  that  it  w.is  hnind  nece^~ary  to  .levi^e  double  .eduction  f,c.uint. 
Te  fS  ng  with  two  steps  in  the  speed  reduction,  ^.^^^  - 
ph  ions  and  two  gear  wheels,  with  three  rotating  shalts.  Willi  he  de^e  op- 
me  o^^^^^^^  four-pole  traction  nio,„r.  i.  wa.  .ound  th.it  one  ol  these  steps 
^t^wt  .^spensid  .ah.  thus  le.idmg  to  the  suigle-icduction  gear  ,..h.ch 


Fig.  64'.-  G«r  C."  of  nick,  Kr,r  l  ianicar  Motor. 
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is  now  so  universally  employed,  and  parts  of  wliieh  Jiave  been  shown  in 
several  of  the  precedinf,'  illustration';. 

Such  gearing  consists  of  a  single  pinion  on  the  armature  a\li'  5,'t  arinK. 
with  a  toomed  wheel  on  the  nmning  axle.  The  teeth,  which  are  carefully 
cut  to  1,'ive  the  pmp.T  rolling  contact  and  to  minimi-f  sliding  friction,  arc 
of  steel  or  of  wrought  iron,  tlmui^h  ra\v-hi<lc  ]iini"ns  liave  sometimes  been 
used  to  reduce  noise.  Owing  to  the  conditions  under  which  tlu  y  are  run 
these  gears  are  necessarily  enclosed  in  dust-proof  gear  cases,  for  otherwise 
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Tin.  647.— T«t  CurvM  of  Dick,  Kerr  Tr«mc»r  Motor. 

they  would  soon  be  ruined  by  grit  getting  lietween  the  teeth.  Advantage 
IS  taken  of  this  necessity  to  modify  the  gear  case  so  that  it  can  l)e  used 
to  improve  the  lubricating  arrangements.  The  details  of  some  such  modi- 
fications have  already  hccn  described. 

Snsf>ension  0/ .Uo/drs.— The  methods  by  which  the  motors  are  suspended 
from  the  framework  of  the  truck  or  car  are  also  important.  The  aim  should 
\ye  to  design  a  suspension  with  a  sufficient  amount  of  elasticity  to  minv  ise 
the  etltct  of  shocks,  and  also  to  keep  'he  weight  of  the  motor  as  much  as 
possible  from  being  directly  borne  by  the  nmning  axle.  A  description  of 
the  various  methods  which  have  been  devised  to  secure  these  objects  would 
lead  us  into  mediantcal  problems  beyond  the  hniits  of  this  booki  Having 
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c.illod  atfontion  to  the  imixirl.uuo  >>{  \\\c  siil'jn  t,  the  k  i  is  rrfcin  il  to 
siK-cial  treiitisrs  sliouhl  lif  dosirc  to  look  into  tin-  details.  Sii.  ii  tif.iliM"8 
should  also  be  consulted  for  the  details  of  the  proWems  involvid  in  the 
(lisign  and  constnirtion  of  motor  tnicks; 

Performance  Curves  of  Tramcar  Motors.— It  will  \>o  rcnvcnit  nt 
slightly  to  anticipate  here  tlic  furtlu  r  (lisni-^-jnn  of  thr  tln  oiv  ol  tin-  (ou- 
tinuous  current  motor  in  the  next  section  of  this  chapter,  by  retin  nce 
to  a  few  curves  which  give  the  i)erformancc  of  typical  tramcar  motors 
under  various  conditions  of  speed,  etc. 


AMI'tRC  S. 
Fig.  6«8.— T«l  Curves  of  Btuih  Tramcar  Mirtuf. 

All  continuous  current  traction  motors  lieing  serii --wound  mndniies, 
it  is  convenient  to  cxliibit  the  ether  quantities  in  terms  of  the  arinalure 
current.  Fig.  647  gives  the  curves  for  the  Dick,  Kerr  40  H.  p.  motor  (I  ).K.  y, 
Fif,'.  f)vS)  when  nnniini^  on  a  5o()-volt  ciidiit  with  a  f,"  ar  ratio  of  15  to  ()j 
(I  to  4  2)  and  33-incli  wlieels.  The  ( iir\  e  .\  .\  gives  the  ».  it.  V.  delivered  to 
the  car  axle  for  different  currents  \y.\-~'m^  throin,'li  the  arinatmv  and 
magnet  colls;  the  loss  in  the  gears  being  included.  Methods  ol  obtaining 
this  curve  will  he  given  later,  but  it  may  be  noted  that  the  ciirve  is  not 
far  from  being  a  straight  line  passing  through  tlic  oiii:in,  thvis  showing 
that  tlie  B.  H.  P.  is  nearly  proportional  to  the  current,  a  somewhat  imixirtant 
deduction.  Another  interesting  curve  cc  gives  the  speed  lor  different 
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currents  and  it  is  instnu  tivc  to  note  how  the  nirrent  diminishes  as  tho 

^^d  ri  OS.    The  curve  n  n  for  "  tractive  ..ffurt,"  .hou,l.  pvcn  .n  po-.n, 
•ifrcallv  oquivMent  to  the  torque,  since  the  force  spec.tu.l  m  pounds  nvc,,1 
is  exerted  at  the  circumference  of  a  33-inch  wheel  (cf.  Fir.  573.  ^o'-  »  1 
The  results  of  t.mperaturc  experiment,  arc  Riven  in  curve  D  D  ;  in  D  D  th. 
various  currents  a^c  Icept  on  unt.l  the  temperature  of  the  motor  as  take,, 
byTthormometcr  has  risen  75  Centigrade  degrees  above  the  tnar-^^- 
of  the  air,  an.l  the  time  taken  for  the  rise  is  m.ted.    The  curve  fahs  avva> 
as  tl>c  cirrent.  increase,  for  then  the  heat  is  pencrated  more  rap.dly 

Perhai^s  the  most  interesting  curve  of  ti,c  snies  is  the  curve  E  K,  vvh.ch 
gives  thJover-all  efhcicncy.  inCudin.  the  .  .hc.ency  K  ran.er  t m.  JU- 

ing.    The  maximum 
cfticiency  of  about  84 
jier  cent,  is  nachcd 
when  tlie  input  i- 
about  50  amperes  (at 
500  volts),  and  the 
power    delivered  to 
the  running  axle 
about  28  H.  P.,  tlic 
speed  being  a  little 
over    1.5    miles  per 
hour.    The  elticicncy 
falls  off  slightly  lor 
some  distance  on 
either  side  of  this 
maximum,  but  above 
20  miles  per  hour  falls  off  very  rapidly,  the  power  delivered  falling  off  to 

beh)w  13  H.  P.  .  .  ., 

As  the  subject  is  of  great  practical  importance  -umlar  curves  are 
given  in  Ti"  (^^  for  the  Brush  traction  motor  described  on  pages  625 
to  6'S  A  comparison  of  the  two  sets  of  curves  will  show  not  only  that 
the  corresponding  curv.s  in  each  set  are  similar  in  shape,  but  also  that 
some  of  the  numerical  values  agree  with  remarkaDlo  closeness.  lli.s.' 
curves,  therefore,  may  be  regarded  as  exhibiting  approximately  what  may 
be  expected  to  be  the  performance  of  a  well-d.  sis^'uod  40  to  50  H.  P. 
modern  continuous  current  traction  motor  as  used  on  tramcars. 

In  modern  tramcar  practice,  as  will  be  seen  in  the  section  on  con- 
trollers in  certain  piwitiou'^  ot  the  switch  only  half  vr-ltai;e,  say  250  volts 
is  supplied  to  tlic  motor.  It  will,  theief.ne,  be  interesting  to  note  how 
the  efficiency  curves  are  affected  by  this  diminuti.^n  of  voltat^e.  The 
results  of  tests  upou  anoUier  motor  under  full  and  half-voltage,  are  given 


Kis.  649. -Effect  of  Half-Vollase  oo  Traction  Motor  Petrormanc*. 
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:„  Fi-  (U'K  in  wl.i'h  H'"  -  uiv,  .  a  .uul  ,(  an-  Ihr  .ifu  i-  ncy  nuv.-  ..M.n>u.l 
;;,ul..r'i.ill  vulta^;.,  5-"'  v.lt.  .uul  v,.!.,.:^-,  .5"  volts  r-p-ruv.  v, 

The  curves  B  ami  c  pivo  ihr  -yrcA,  umlrr  lull  vnltat;.  .  m  k.  i'.  m.      '  - 
,matnn-  an,l  unh-  p.r  l,nnr  ol  the  car  rcsiHvtivcly,  ami  the  nuv>,    a.ul  c 
:,ve  tlu>  ,o,n  ...ondiim  -lata  (or  l.aH-voltaije.    It  is  interesting  to  m.te 
l,„w  the  halving;  ol  thr  v,.lt,„.  n  .lure^  the  ^ihv,1  to  rathe,  U than  one 
1,  ,11  in  accordance  with  the  indications  ol  theo.y.    More  .,ui"'.ia„t.  hnu- 
,ver  is  the  much  lower  over-all  efficiency  at  the  lower  volta,;e  at  uh:.  > 
,l,is'elf.ciency  nev.  r  .i-e.  above  78  per  cent.,  and  with  heavy  cvureIil^ 
sinks  to  less  than  ()0  i>er 
cent.    The  Rear  ratio  in 
this  case  was  14  to 
(I  to  4vS()),  and  the  draw- 
bar  pull   with  nnniing 
wheels     30    inches  in 
(hameter  is  ^wcn  hy  the 
curve  I). 

The  dt)tted  curve  in 
Fii^.  648  is  also  a  speed 
,,uve  tor  hall  voltaf^e 
taken  with  two  similar 
motors  in  series.  It 
-hows  a  similar  reduc- 
tion in  >peed  to  that 
.liown  in  rig.  64(),  hut 


f;  ..-M.ivnelic  Rraillon  of  M..tor  Armalmc  Cutin.ls. 


i„  ,h,s  case  Uie  e.hc.cncy  curve,  which  is  still  more  interesting,  has  not 
been  i^iven. 

V. -FURTHER  NOTES  OS  THE  THEORY  OK  CONTINfOfS  CURKENT  MuT.US 

In  Chapter  XVI.  <.f  Voh.me  1.,  at  ,  a.'e>  .-i  </  v'/-  '>f  the  iumla- 

J"M™.a.v  theories  underly.n,  the  acfon      the  -nt"-- curr. 
r,  I  1,-ive  been  dealt  wit^      \  few  ,M,ints  were  h'ft  ov, .  Imn,  tliat  m  ( t,u,> 
,  "         utiwhat  tnore  technical  ttature.  t^umgh  m,t  vets  a^..t.t-e 
as  ixin^      a  .j„„,ler  ot  these  will  m>w  be  dealt  with. 

wli  c  h  1  m  iesponds  to  the  u\i.    10, 1  "i,- 4'^*'  '  ,..,,.,,1 

o tat  .on  beins  the  same,  the  current  through  the  armature  must  be-  .e^ . .  . 
ol  lotation  iKin^  ^^^^  consecjueiit  /.(s,-  (see. 

h'^l^  1  '^vl    o  the  btlt^hes,  a  demagnetising  U-lt  of  six  coni- 
^  tii  rn  i^rtiire  between  the  planes  6  c  and  .     and  a  cross-nia,- 
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noti^in  -  l..  lt  of  cloven  romplotc  turns  ma.le  up  of  the  reniaini,,.  .  ..mlucfo,- . 
M  L  n...tn.  analu.u..  n,  1  4^^.  Vol.  I.  The  n.ult  ,s  .hat  the  n,aun.  > 
,  ,'„..  dn,..-,i.m  to  .hat  shown  in  1m,s.  479  and  ' 


ri,.  t,  uliii-  lioins'  are  now  the  ones  wlu.  h  aiv  w.akni.  d.  ai 
l„„ns,  owmK  to  the  la^'  o.  ....  ^^^^^ 


the  l.ru^h.s  are  now  the  ones  whieh  have  1 
siip'plv  the" Teversiii-  ti.id  for  roninuitation 
commutation,  tlu'  elfe.  t  is  the  --ame  in  a  m  . 

I'^pet  ia!l\    on  shunt 


1  iclcU     of  Motor 

Atiii.iliuc. 


4i     ,(f ..  I      ilu'  -,  ime  in  a  motor  as  m  a  dynamo— that  i-. 
rommiltation.  the  ellei  t  is  tin  --anic  ui  a  m  >  -r,  ■     a  .1  1,. 

commu         .     _   ^  ^^^^       ^j^^^  armature  reacti<ms.     fins  effect 

an  "impoilant    Ixaiiu';    on    tlir  i^roMi'm 
re!,'uhitin,^    the  spoid, 
wound  motors. 

IMdv  .  nnvnts  and  hysteresis,  winch  teiu. 
to  twi>t  the  lirld  sliL;htly  in  the  diiertion  oi 
rotation,  are  a<lvauta ,n-,  ni  tli.-  .a-.-  of  a 
motor,  since  thev  tliereby  dnnini.-li  the  hi.t,'  oi 
tin.  brushes  an.l  tend  to  keep  up  the  strength 
ol  Ihf  r.  NciMn;^  this. 

Starting,     l  he  fact ,  wliidi  -Imnld  never  fx' 
lo^t  sifiht  of  when  a  motor  wliich  is  at  rest  has 
to  W  staitc.l.  is  tliat  the  stationary  armature 
iKis  clc  tricallv  a  voy  low  ohmic  resistance, 
with  no  -.ctive  back  E.  M.  F.  to  dam  back  the  curu  -d.    If.  tlu  .vton..  the 
with  no         '^  '^  f^,,^.       ,ied  to  its  brushes  when  it  .s  runmnu 

•^'  .^r^  l      1.      .^Ms  :xc,te.!A.e  placed  on  them  when  it  is  sta.uhn. 
^^,1      n"^  sr  cases  -and  es,MHiallv  -n  lar.e  n,o,ovs    an  ..n..vn,ons  and 
^         V  a  destrncive  current  would  .low  through  the  anuatuu.  N,me 
i    1    I  therefore,  nu.t  be  adopted  for  cutting  down  ihe  ™^ ; 
L  ntotor  is  rumnn.  Us  s,..,,  and  developu.g  tts  ^^^^'^^ 

n,os,  convenient  pla,>  .s  th.  nUr.Khu  t.on  nUo  the  cncn.t  l'.^]^'^^ 
M  can  iK-  cut  out  either  gradually  ..r  step  by  step  as  the  sp.. '    »   ' ; 
;       „,d!v  .Usp.  n-,  d  w,.h  al.o„.tl,-r  when  full  sjK.ed  has  been  -ttam.  d 

;i,;g  aside,  for  ti.e  pr.s.nt.  th-  .pu.s.ion  of  the  ea.nomy  of  h 
method  we  mav  first  inqt.ire  as  to  the  Ix'St  pos,tio,i.  cK-,  ,ru  a  In  spraknu 
fo  ufin  oduJ.iou  of  these  "starting  resistances."  and  a  httlc  con-.... a 
ionX  that  this  pos.tion  mttst  .Upend  on  the  exct. at, on  connect,.,,, 
oHhe  particnln-  ....'or.  Thus.  i„  a  s..„cs..„„„.l  n,ot.,r  then,  .s  o,^ 
one  circuit,  an.l,  obviously,  any  te,np.>rary  rcs,.tan.e  n.,nned  n>a  b 
X2-.1  into  attv  convenient  part  of  that  circutt.  A  ''-K-- ^ 
'on„,,,i..n.  of  such  a  >n...or  .0  the  s„pplv  cu'cmt  ,s  g.ven  m  l-.g.  3^ 
r  e  the  two  leads  pass  through  a  double-pole  fuse-  .  and  the  doubK 
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;.o!c  main  >\vit.  li  s.  One  u(  tlicn.  i-  llion  comic.  U  .l  .In.  ,  tlv  In  tli,'  .inii.itmv, 
Aliil-t  ilic  otlu  r  1-  i-iiK  il  tn  111.-  mc'V.iMr  tniii;\ic  (I  <>f  a  I r-i-t atwv  >\\itrli.  bv 
.,1,„  I,  tl„.  i.  -i-t.iiir.-.  rcr  .  ,m  hr  ip.tio.lii.  r'l  iiit^.  .'1  I,  ni..v,M  li..ni  iJuM  muit. 
\Wk>rv  clnMiiK  s,  Ihc  tni,i;nc  ,j  -li.mhl  1h-  ..II  Mu.l  N<'.  1.  tlMi  .ill  iIh-  av.nl- 
iMc  rr-i^tan<r  is  in  rircuil.  A>  thf  s(<cfil  of  tin-  ni.>l«>r  nui.  i  .  /  •  ni 
i„.  iii,,\v.l  iMiin,l  -l.  p  l,v  -irp  until  ,i1  (nil  ^-jH-f.l  it  i.Ms  on  Mii.l  N"-_'-^ 
,11.1  thf  in..t..r  .ili.ii.-  1^  ill  .11.1111  \Mili  all  tlic  i.'M-.tanr.-  rrr  cut  <.ut. 
iinml)cr  of  nm-^sary  htq^  for  a  paiiMil.ii  .a-.-  an.l  tin-  olin.ir  Nam-'  ol 
ill,  (litt.Tcnt  resistances  niu>t  i]i\^  n<\  on  tiic  coivlinoi;^.  1-ui  tli.'  i»  may 
-oiiii  tinii  -  !«■  more  numerous  than  are  shown  in  tlu-  .liat;ram. 

Ill  a  -huiil-u.Mnul  motor  tlie  case  is  dilierent.   The  lieia-magnet  coils 


from  supply 
circuit 


Starting  switch.' 


Reld  coils. 


can  take  the  lull 
pie-suro    for  which 

the  iiiiitiT  i-  i1.  -ii-;ii.  '1. 
.111(1.  'ii.>i<  ov.'r.  in  oi.lfi 
to  develop  the  neees- 

,11  \  ba.  k  E.  M.  K.,  it  i- 

111  advaiitat:ethat  tliev 
Sliiiuld     Ix'i-oilie  fullv 

CXI  ited  as  ijui.  kly  a> 
|Mwsihle  ;  this  tield- 
in,iL:iict  (iii'iiit  of  the 
motor,  thdctore,  can 
t)P  placed  on  the -upply 
mains  at  the  first 
i  lo-iuu  of  I  he  switch. 
It    is    the  anuatme 

.  iiviiit  whi.  h  requires  h^.  65,._s...„ina  Cnnnr.      r  r - v    m  , -r. 

t  \r  protectini,'  resist-  ,    t-»  i 

,„re-^  an.l  it  is  int..  tlii<  riiruit  that  th.  v  -ImuM       mti...hi. v.l.  D.tails 
ot  the  nec.-siry  omic.tioii-  ai.'  -Imami  in  1  i-.  (•S,;.  where.  aft.T  i-a-m^', 
•IS  in  I'if.'.  (.32.'throuf;h  the  fiws  k  and  th.'  main  ^Nvit-  ii  s.  Ili.>  'Hmui  is 
,„.,niancntlv'.l..-.  d  tlii.mj^h  the  tiel.l  coils.   Another  cucmt  pa-M-  tlii..u.L;h 
th..  armatiu.'  .\  and  some  or  all  of  the  starting'  reM>tance  coiU  rrr  as 
1,,,,"  as  the  toiiL;u.'  ,i  is  on  anvstu.l  ..th-r  than  12.    'l  he  m.'tlmd  of  pn- 
.c.lureis  exactly  the  same  as  111  the  prccliiig  ca^"    iiam.  lv.  I..  .L-c  s 
r„4   with  the  movable  arm  a  on  stud  No.  i.  and  then  u^n^v  ,/  -I.avIv 
In.m  -.tu.l  I  to  -tud  12.  Sinnl.it  pr.  cauti.m^  niu~1  !«■  taken  with  compound- 
wouivl  motors,  for  whu  h  the  conuc  lions  will  hr  ..bviou-  from  the  abnvo^ 
Stopping-.-  When  stopping,  an  a.Miti.Mial  pmnt  m  .-t  I'c  1...iiu-  in  tmnd 
-namely   that  t!i,'  inductan.c  of  the  liel.l-maKnet  coils  bemtj  laii;«'.  >t 
their  circuit  W  bn.k.ii  whilst  full  current  is  flowinf;  in  it,  a  .Ictructivc 
spark  will  be  caused  at  the  breaking  point,  and  a  danutrous  sliock  may  be 


A, 
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exDorionrnl  owine  to  the  prcssnre  across  the  bn-ak  Hm,,,  i,„lu, . -v.lv 
expenonn  i  i  ,    insulation  also  may  Ik-  brok. 

be  ™lk,l  .ill  wl.  1.  tl„  „.  r  i<  lakinf  fnll  current  anrt  a  .s  ,.n  li,    n-  . 


From  supply 
Circuit. 


switch 


t)f  the  wiiiilint;.  On 
the  other  if  tin' 

motor  is  connei  te<l  ;i 
ill  I'i?,'-  653,  the  ful  l 
i-oils  are  always  in  a 
iloM'd  circuit,  whctln 
the  switch  S  be  oih  u 
or  closed,  and  therefore 
with  ((  on  any  one  i  t 
the   studs,   and  wnii 
the  motor  running;  wit!  I 
full  current,  the  switch 
s  may  1h>  o]«  ncd.  Tlu; 
rn.'r.uy  giv<-n   np  in- 
ductively by  the  ialUnK 
current   in  the  field 
coil-  will  lx>  <hsclKir!:,'cd 
through  the  armature 
and  such  of  the  start- 
in;,'  resistances  as  may 

.tartinu  reM-t  n.v.  and  switches  for  the  al)Ove  purposes  may  h 
simih  to     e  regulatmg  >hunt  res-stances  already  desenl^ed  yscc  I-.gs. 
ir  and  181)  Sth  the  proviso,  however,  that  th.-  conductors  used  fo, 
S;tSt  mu'  Zs:  sufiiLt  cross-section     carry  U.e^—-^ 
without  destructive  heating,  though  they  need  not  be  as  heavy  as  it  the] 
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1o  U-  ,iM.>  tn  mil  111.'  iiintor  .'itiMi-  (urw.ii.U.ir  lu.  kwaul-,  (or  it  .-u-h  n  v.isil 
„f  m„ti..a  ,it  llir  motor  vs.  ir  not  po.,il,lr.  >  oiupluat.Ml  nu-.  huni.  al  u  vvr>. 
inn  '"•<>—"V  uli.nrv.r  mu  h  nvn-al  i^  ir,,un..l  Lv  the 

work  in  hand.  On.-  meil  .mly  cite  tho  can.-  of  a  train.. ir  in..tor  ur  a  lilt 
t,.sl,„wli<nvdr^irahl.-  the  possibiHtv  of  rfvcrsal  at  the  motor  it^  If  is.  M.  u  - 
nv.  r  tli,'  moving  p.uts  ..t  an  .  l.  cl.ic  in..tor  ar,-  li^l.t  lor  th.-  iM.wrr  .l.alt 
with,  that  in  this  resjK'ct  they  oiler  ev.  i  v  la.  lUty  (or  levvrsal  o(  motion. 

That  such  reversal  is  possible  is  evi.l.  iit  from  a  consideration  ot  the 
fiinilaiiuntal  iuin.-ii>les  already  fnlly  'li- 
cnssed  {scC  p.ii^es  5.1.)  to  593,  Vol.  I.).  -Ml 
that  is  ne.e>sary  i>  tiiat  the  direct i.m  .>( 
I  lie  current  in  the  armature  or  in  the  lu  ld- 
ina^'iiet  cir.  iiit  (but  not  in  both)  sliould  be 

r.'wix  il.  when  the  motor  will  t.  iid  at  once 

to  run  in  the  opix)site  direction. 

In  early  forms  of  electric  motors  a 

prrliiniiiarv  diiTn  ulty  presented  itself  here, 

ma  much  as  owing  to  the  lag  of  the  brushes 

necessary  to  prevent  -paikinf,.  if  the  inotiou 

w.re  reversed  the  hru>hes  would  have  a 

K  a.l  instead  of  a  lag,  an<l  therefore  would 

iiave  to  be  move.l   to  a   n.w  po-iti.m. 

Several  devices  were  invented  to  accm- 

pli^h  this  change-over,  but  the  necessity 

(or  it  has  (li-apiH>ar.(l  with  improvements 

in  commutating  design,  the  introduction 

of  interpoles,  and  with  the  u-e  of  carbon 

l)ni>hes,  which  render  it  iwssible  to  run 

modern  motors  sparklcssly  in  either  direc- 
tion with  fixed  hni-lie-  (roni  no  lo.id  to 

(uU  load,  or  even  in  many  cases  with  a 

fairlv  larKc  overload.  ,  •  .i„ 

It  renuiin.  tlun  f.ne.  onlv  to  .liMiiss  the  most  M.ital-V  changes  in  the 
connections  reqmied  to  alter  the  cun.i.t  How  in  th.  i....pcr  manner  and 
the  most  convenient  way  of  making  the.e  changes  havmg  J 
f  ict  that  Ix-tween  full  speed  in  one  direction  and  full  speed  m  the  otl..i 
the  armature  will  have  to  slow  down  and  stop,  and  then  mcrease  speed 
again.  The  precautions  already  .l.  s,  iib.  .l  as  necosary  m  starting  and 
stoutMnc  must,  therefore,  be  borne  in  mmd. 

The  most  convenient  way  of  observing  these  precautions  is  to  n- 
troduce  the  starting  ...^.Man..-  a.  .h..  ,„..,..  slows 

necessary  change  in  the  connection.,  aii.l  remove  the  ''^■f  ^-'"'^^/^^  ''f 
^mature  speeds  up  ajj=un.  For  this  series  of  change,  many  types  of  switch 
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iH  .  n  itu.  ut.  ,1.  Some  of  tluNo  tak.-  tlu-  .Alin.lnr  form  u.  Nvh..  1,  .': 
,ivi-  o.nta.t        ^  1  "U  tl,r  outM.l.'  ot  a  .ylm.lnc  lan> 


„„.  „„,„i..u  of  M  1,V  a  ha.Ml-  .n.,k.>  .h.  mu-..^mv.  cl.an^.>  m  . 
,„„,„ ,  „,.U.r  hv  brinKin«  thcso  contac  t  s.«nu  nts  inlo  rontart  vv.tl,  r  ..r- 

:.;;;.lv  ......(.....,.,1.  ana  a  Mn,,K.  .  s.unpK  w.t  out       cov.r  a.  ,a 

cvln>a,ic  contact  sc-K.uents  shown  in  In-nt  .uh.  a.  , 
a,,.n.t  the  lin.n-rs  t,xe.l  to  ,ho  back  of  the  case-,  and  from  il^e^  hx.  ! 
cont  uts  the  nece^^arv  conn,-.  tmiH  an-  mkhI--  tn  Ihe  nv.tor. 

r^.c  a.  IL  will  l.e  lK.st  un.K.,Moocl  by  u  t.  u  n.  -  .o  ,iu-  fol losv.np  d,a,ran. . 
,„  each  case  of  the  two  possible  n^thods 

current    in    the  arniatu 
circuit   rather  than  in  tl- 
Ik'ia-nuiKiHt  iiriint,  iKran 
(i.)  the  inductance  of  tl, 
armature  Ix-ing usually  mu.  n 
less  than  that  of  the  fid  1 
magnets,   the   -parkin?,'  ■ 
too  rapid  rever>al  gives  K'  ■ 
trouble,  and  (ii.)  as  startiii- 
roistancis  are  'h.^aav  iir... 
vidcd    for    tlie  armatui.' 
circuit,  these  resistances  ar- 
already  connected  so  as  tn 
conveniently  available  for 
reducing  the  armature  current  before  reversal,  thus  again  lessening  sparking 

*™?iuSe  cases  arise  in  practice  aecora.ng  as  the  motor  is  a  seric^s-,  shunt- 
or  compound-wound  motor.*  The  tust-nanuM  ea.    that      a  '■nes-vv.ama 
.notor.  is  aepicte,   aiagrammatrcally  m  F.g.  ..55-    l'-"        l'^"/'^'^': .1'^^^'' 
drmrun   the  cxlnuhic  part  of  the  reverser  is  shown  "developed,  that 
is'lai.l  out  flat:  at  the  r.^ht-hand  side.    The  n>„vable  contacts  are  riTre- 
sented  both  in  extent  and  ix.s,tion  by  the  thick  hor...mta   bars,  wh  ist 
then-  electrical  connections  on  the  cylinder  are  shown  by  thick  %.  .ti.  ai 
H.K's     The  liKe.l  contacts,  nine  in  number,  are  shown  in  a  vertical  row  at 
the  lefl-ha,Kl  side  of  the  cylnuhic  contacts,  and  the  fine  vertical  lines  on 
the  cvlindcr  indicate  the  s.  ries  of  moving  contacts  whu  h  he  on  tlu  hNc, 
conta'cl.  in  anv  given  ,HMtien  of  the  cylinder.   NumlKiing  the  li.xed  con- 
tacts from  the  tup  downwards,  i  and     are  joined  to        ^"P^'V  '"7' 
2.  3.  4  and  5  to  the  ends  of  the  stalling  icm-t.uuc  .  3  .'^^  l     to  the  tmh 
•  Figi.  6ss  to  657  are  lent  by  die  Ctocker-Wlicclet  Coii.iwny. 
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4.  main  I.  j.  all  M,..t.n:^  l -i-l,in- -   V  l>.  U  ...  i^n.  ,-  ,,<>.  -» 'n.  uu 
,,„„.tnn..  with  all  the  Martin.  n;MM,uu  -  n,  ,n.u„     A-  '  ' 

thm-  starting  ri-s.s,ano>.  an.l  ti.u.lK  !•  av .n.  „„,„,, 
,,,,,„.,„.  ,lnv>,io„.  f,.r  a  n,..d,ani.al  st.,.  pnwnts  a  .hnxt  tuu.M.r 
(roni  ./  to  Hk'  suit  h  is 
thiTi'forc  nuivi  il  bai  k  ovi  r 
c  an.l  l>  to  (I.  rt-introilucinn 
tlic  "-tailiiii^  1,  -i-taiM  At 
a  the  ihan.i,'c  is  nuuU-  to  >(' 
without  br.akiiiK  the  tf M 

tiKuif,  but   (111  <;'  it  will 

hi'   luuiul  that  thf  iiii"it 

throuKh  thf  ariiiatuK'  is  in 

the    opiH)site   iliirctiuu  U> 

what  it  is  on  <i,  Inx-ause  of 

the  cio-^-i^iiniii  riion  oi  the 

armatuic  coiit.icis  on  the 

cylinder.     The    circuit  is 

tlu-    same    as  previously 


rii-M  <  J 

 ""  =^  -  f 


:;i„;:;";;;,>™;,r;;,;ri::;;,.™  u v'"''\:' t'^' 

'"■''^■:,;;'i:,v:;"rr:::::'a.;;:'r:.:" 

serie.  With  the  arniattne,  as  m  I'ig.  (.55.  tluvnuthcl 

,  I       ,  ,•  ft-,  .  the  current,  after  I'u-inK 
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rcvi'rs.T  the  -linni  .  un.  tit  is  thus  always  m  thi-  saim-  .liiv.  ti.m.   A-  Ix  lnrr, 
((,r  r.v.rM.m  \W  inoii-n,  ih.-  etirrrnt  iti  tlic  armatnr."  ..niv  rivnM-.l. 

Regulation  of  Speed.  Manv  .u--  auM'  m  11, ;  ni.i\  l..|iin 
till'  mot..r  to  nm  at  coii>tant  s|hii1  uikI.i  \aiial.l.  I>.a.l--.  .'i  '.1--  m,, 
ariM-  wh.'ro  thr  spt-cd  ami  tin'  ttuninK  torqni-  arr  U.th  nqmir.!  in  v.u- 
In  flic  lut.  r  rwiit  a  tair  iitimlHr  ..I  ■  .i-<s  uni-t  Iw  li.alfil  iiHhvi(luail> 
aii.l  cannot  W  "ndcr  any  pti-  lal  ihi.  iv,  though  the  cnsitU-ration^ 

applyinR  to  the  rnorc  simple  casw  will  apply  m»UU\fi  mutandis  to 

tlltlU. 

Ill  1,  :Mi.l  to  the  ^tipplv  of  .  nrryv  to  tho  motor,  bv  far  fh«'  most  usnai 
,il  tl.r  picMut  tiinr  I.  to  lia\.'  M.n-i.r,'  v.  1..  iiKun-      ail.il.lr,  and  w 
^hail  thiri'forc  lust  con.sidiT  the  vaiiuu.-  ijroWtin-.  <.n  ihc  a-sumi'tion  th.i' 

the    electric  ini'rt,'y 
sniiplied  at   a  constant 
prcssiire. 

Consla»t  Spcid.  A 
glance  at  Fi^s.  574  and 
575  (Vol.  I.)  will  •'how 
that  the  atl.unnitiit  ol 
constant  >pc.(l  '.Mih  con- 
stant t'U'Ctric  pn-sure  on 
I  lie  mains  is  much  more 
tiasiblf  with  a  shunt- 
wound  tlian  with  a  ^iries- 
wound  motor.  This  is 
also  obvious  on  considerini; 
the  cUTtrical  condition^, 
lor  the  wealc  fields  of  the 
series  motor  with  small  currents  in  the  armature  manifestly  require  higher 
s,„...<U  1,,  drx.lop  thr  nro-sarv  ha.k  r.  M.  F.  than  dots  the  constant 
tuid  prodncrd  in  a  shunt  motor  by  a  ron-tant  iM).  ajiplied  to  the 
terminals  of  the  shunt  coil. 

The  dioopin-  of  the  rni\f  in  Fig.  57.'i.  however,  shows  that  the  regu- 
lation IS  not  antoinatic  allv  p-  i  fert.  although  it  is  assisted  by  the  weakening 
of  the  (irld  .  .lu-ed  In  the  aini.itni.  rca.  tions  (.vr  pa;,'c  100),  wliidi  would 
require  the  motor  to  run  mort'  quickly  to  give  tlie  same  back  1;.  M.  i-.  Kut 
liecause  of  the  increase  in  the  lost  volts  caused  by  the  increased  cuiicnt 
al>s,,rb.'d  ih.'  l-ad  iunva-.  s.  th,  -atnc  baik  K.  M.  i".  is  not  required,  and 
hence  tin;  sla  k.  iiiii-  of  the  >peed,  iiotwith>laiuling  tlie  weakening  of  the 
field.  It  is  evident,  therefore,  that  if  the  speed  is  to  b«  niaintai'-  "  llu 
field  nin-t  W  -  ill  luitlier  weakened.  This  can  be  accomplished  niiier  by 
the  inti-,.thuti,,n  .  :  re-irfan--.,-  in^o  the  '^l-.trnt  circuit,  or  by  demagnetising 
coils  in  scries  with  the  armature,  the  effect  of  which  will  increase  as  the 
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liiail  inrroa'^rs,  win.  h  is  .  x.u  flv  wliaf  h  k  .|iiir*'<l.    It  is  cli(!n  M!t.  Humtrli 

not    llllJ10-^ll)li',    ti>    imiMdr  Ihr    .lllt"lll,lf  U     llltln<lll.  Ili'll  l.-'-l.lll" 

into  the  slnmt  nnuit  nmtn.Ucil  1>\  a  vaM.ili.ni  ol  -ihi.I.  ami  iKm  lt'ii'  tin- 
(.thf-r  solution     in  prai  tire  the  nti>r«'  l«'a-iblf.    It  is  tin-  motor  anali 
ol  .   ,  iiMiiuiil  \Miiiliii\'  ti.i  .hiiariii-.  Init  .1   III-  -HI.  -  .I'll-  aip  in  tins  .  a-«- 
.lomagneti>iin,'  unU,  it     ..li.  i.  ■!  1..  m  I'la.  in.'  a^  i/i//.  r.  <//m/  fM.'./n'c. 

since  the  rosuli.mt  fu  l.l  at  1..  .1. nds  un  tlie  ditfm-nre  of  the 

amppre-turns  of  the  -hunt  aiul  m-ius  imis. 

1)1.  S.  P.  TIioinj^...n  lias  -Iiown  that  then-  i<  a  Mtnph-  i«  )ation  Ix-twt-cn 
the  ina'^'iict  \viii'liii;;s  .iinl  tl..-  i. i.iii.  will,  uln.li  !l  1 .  .■nl.il  1. ■!!  will 
Ix'  attained  in  tlu'  casf  ]»ist  rclimil  to.    I  -.1111.;  tli.  -am.  .1-  1  ls«-- 

where  {sec  pajp's  514  ami  tio.j.  Vol.  I.),  and  writinj;  r,  ii  .l  r    l.>r  the 
rraistanccs  of  the  armature-  and  of  the  stric-s  coil  rwiitctivily.  liavi— 

|-  -  H  z  X  (0 
and  E  =  '  -  (r.  +  r,,,)  c,  (2) 

Imt  N  =  ?  j^"''(s,c.  -  s„,c.)  (.0 

wlu  tc  s  and  s,,  arc  the  number  of  turns  and  (  and  the  currents  in  the 
shunt  and  scries  coils  resiwctively.    Hence  we  have  from  (l)  and  (j)— 

E  =  i:'^;''-?(sc.-s„c.)  (4) 

and  from  {2)  and  (4) 

"~  O  I-  -s,  ,r  .  )  i-2».z 
the  right-hand  side  of  (5)  will  !><  m'l-  i»iident  ol  the  value  of  the  armature 
current,  and  therefore  of  tin-  loa.l.  it 


but 

and  (0)  becomes 


or 


(6) 

(7) 

(8) 


or  111  words,  the  iiumh.  r  of  Umis  -ii  the  series  coil  should  have  (he  s<me  ratio 
to' the  number  of  turns  on  the  shnul  u  U  tlu,i  the  snm  the  resist.iuces  of  the 
armnhirc  ami  Ihc  scries  coil  ...fJi  to  thi  resist.niee  of  the  series  eutl. 

For  c.  itain  1  ur poses  it  is  advanfascoiis  to  compound  the  motor  m 
the  usual  wav-that  is,  with  the  s.  ii^'s  coils  a-Mstinp  tli.'  .  xcitation  o  the 
vhunt  coils,    riiis  is  especially  the  case  wl.i  u  tiit  load  is  ai  t  tu  Lt  bul-jcct 


EtKCTRlCITY  irr  THE  Sglft'/CB  OF  MaN 

to  MKiaon  and  la,..  iluCuati.ms.    Tho  HU  .  t  of  th.  s.rios  J' 

sn,l.l,  nh-  inrn  as«l  is  t„  increase  the  llux.  and  thcrdure  the  ■; 
„„l  ,iH.s  to  reduce  the  momentary  excessive  rush  of  current  that  «oul.. 

otherwise  flow.  ,  ,.     •  , 

The  danger  of  weakening  the  fuld  to  mamta.n  the  .,,ecd  lies  m  Ih. 
necessitv  for  maintaininR  a  sufficient  reversinR  trn,,'e  to  i;'.';^  "  ' » J'  ^''  ^^ 
at  the  l.iuM.rs.  a.id  th-  ar.nafure  reaction  agRravates  the  d.lhculty  lor.  at 
heavy  curreu.s,  uvakens  the  reven-ing  fringe  even  .f  the  mam  field  fx- 
maintained  .ous.au,.  Some  of  the  d..i.es  alreadv  dcscrdnxl  {sec  pa... 
loo  to  ijo).  inchuUng  the  use  of  interpoks  for  keeping  up  the  reversnv: 
IluK  in  d^•namos  n>av  Ix-  advantageously  applied  to  motors,  though  m  n..., 
mo,l..,n  couiiMUous  .  unent  .hunt  .noton;  the  field-magnet  flux  ,s  suthc.entW 
great  at  sn.all  k.ads  to  provide  the  required  margin  for  commutation  whc'i. 
the  wakening  of  the  field  is  only  carried  sufficiently  far  to  keep  the  speed 

constant  at  hea\  v  loa<ls.  .   .       ,         •  „a<„, 

Wmahk  SA.v./.    -ll.e  mechanical  charactenstics  of  a  sertes-wotind  motor 
Uce  Vm  S74  Vol.  1.).  show  tiiat  tlie  obtaining  of  various  speeds  on  either 
c::s!:nt  p't.  or  constant  current  mams  is,  at  least  theoretically,  not  a 
.litricull  matter.    The  "     constant  "  curve  shows  that  the  motor  can  nm 
at  all  -!.co,U  with  th.  added  advantage  that  at  low  speeds  the  torque  , 
at  Its  niaMiiuim.    l-or  starting  niuler  load  therefore  the  theoretical  condi- 
tions  are  ideal,  and  this  proinrty  lias  le.l  to  , he  almost  ^^^^^^'^^^ 
,^•,„.  nf  motor  for  electric  tramway  work.    Ihe  practical  d.thculty  is 
that  for  tlHM.  heavy  torques  at  slow  sjx-eds  the  current,  as  shown  m 
FiK        Vol.  I.,  is  alio  verv  large,  and  maybe,  and  is  in  practice,  excessive, 
so  tlmt  s.m,c  method  of  protecting  the  motor  from  injury  nmst  Ix-  adopte.l. 
-I  lR.  uMial  .levice  is  to  introduce  resistance  into  the  motor  circuit  which  can 
be  cut.n.t  as  the  .pe.d.  and,  will,  it. the  back  E.M.F..  rises.  The  resistance 
lo  iilduced  must  1.  capable  of  earring  at  least  the  full  load  current 
of  the  motor.  an<l  sluml.l  preferably  be  able  to  carry  heavier  currents,  l  .-r 
1  „     n.ot.,,.  it  NvUl.  therefore.  Ix;  an  expensive  addition  to  the  equipmenl. 
and  It  i-  olniou.  th.it  as  it  acts  by  converting  the  excess  energy  into  waste- 
ful heat,  it  will  A>o  U'  uneconomical  in  actual  working  if  the  stoppages 
are  numerous  or  the  lowsjxeds  jx-rsistent. 

For  traction  work,  where  two,  or  sometimes  more,  motors  are  available 
these  l..-e>  an-  vedur.d  bv  the  sv^tein  of  series-parallel  control,  which  at 
low  six.e.ls  couples  the  motors  m  >eries  across  the  mains,  thus  converting 
the  excess  energy  which  would  damage  a  Mngl.^  motor  if  placed  on  the 
„,  un.  into  n^,  tul  work  instead  of  wasteful  heat.  As  the  sixed  increases 
the  M>i>s  .onnocfou,  arc  converted  by  successive  steps  into  parallel 
groupings,  m.til  at  top  s,x..,ls  t],e  whole  of  the  motor,  are  connecte.  in 
full  I'.nali.  l  a.To.,  the  supply  mams.  Detail,  of  tiic  coulroUcrs  used  wiU  be 
yiveii  m  the  chapter  on  traction. 
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„;„„-„„  ',„„„„.„,.  w  i.  n...  for  '•'T^'^-^  „;:„  „„. 

The  slow-speed  motor.  lUMiib-.l  at  i-.i..      .}  -i lu  v  iiid  lone 

view  to  large  Tariations  of  >reod  on  cou.tan.  v.  v.  .uau..    Uk>  nad  U«g 

air  gaiw,  which,  while  neces- 
sitating the  cxp-mUtuiv  of  L;nat(>r 

energy  in  the  ticld  coils,  lu  lix  d 
to  diminish  the  armature  <  ii»s- 
maiiiu  ti.ati.m  ;  for  it  will  be 
remembered  tliat  the  reluctance 
of  the  magnetic  circuit  of  the 
.ross-ma^ii.'tiMng   tUix  cuiisi>ts 

almo-t   eiuiuly   (w  l-'K-  47^- 

Vol.  I.)  of  the  air  rehi.  talice  of 

the    gap   counted   twice  over, 

since  the  reluctance  of  the  iron 

part    of    the    circuit    is  coin- 

parativelv  iu>ij;nihcaut.    M  the 

normal  speeds  the  magnet .c  liux  ^^,,,^,,1^ 

nmch  greater  ^, ^ ^I'tU,..  .lux  lor  ,on,n,u,anon 

this  tlux  IS  weak.  iied.  Xl\evc  -im  „,,,,,^_ 

-rk.  Both  th-^^-  ;  t,..-  results,    m  or.,.. 

'''^"'""r  a—  S  t  oubles  tie  aru.a.ur..  .  ma.le  hup-.  ..,h 
to  iimiinu>e  the  commuuiimi  r,^-ut  iiice  v.illaee  p.r  -.-.tiou, 

1,,,     ,11.1  -nial    luluctance  and  rcactanu      '  -'^    i      ,  .  ,, 
numer.m.  bai.  an.     nu  n  .atisfactorily  with  a  weak  lul-l. 

so  that  the  work  ^>  ^  I  ,„„,..r,i..-  .4  .1-  air  gap  lelerred  to 

Advantage  has  Ikvu   ak.n  ot  t  >.  .  ^  i^M-n  Innlt 

,vnh  a  ..nwWc  .n.  Su.  1  a  m  g     ^       ^^^.^^^^^  ^  ,,,Uulu,al 

Klectrical  l-on,r.n>v.  Ltd..  however,  are  woun.l.  the  other 

;:;;;^';-;;on-rtn.^^^^^^^^^ 


fv.     Ih.  AH:a,.>=  M-t..r  «ith  Muv.-.M.  C..^ 


Electricity  is  tux  Sehvick  of  Mait 


has  been  given  above  with  rcffrcna-  to  hini;  air  i,'aps.  TIio  -^ivcd  is  uAw  .  ■ 
by  moving  the  polos  inwards  and  increased  by  moving  tiioin  outward-. 
Tlie  change  of  sjx-ed  can  be  made  gradually  from  the  highest  to  tli- 
lowest  spM^l.  and  tlio  nrntor  run  sparklcs-ly  at  all  -pcfds  with  p-' 
efficiency,  as  shown  by  die  curves  in  Fig.  ()39,  wliirh  exhibit  the  ettu  ieii. 
on  actual  test  at  different  speeds  of  a  25-H.  p.  motor.  The  lowest  cur%r 
was  taken  at  half-load,  the  next  at  rated  load,  and  the  top  curve  was  for 
a  30  per  cent,  overload.  riif:.c  curves  also  show  the  working  range  of  sixjcd, 
which  is  coasidcrable.   The  standard  si/es  ranged  from  J  11.  v.  to  no  11.  r. 

.vnothcr  method  for  variation  of  speed  below  the  normal  is  the  enipkn- 
ment  cf  additional  exciting  coils,  which  push  the  flux  in  the  iron  up  to 
saturation  limits,  tiie  metal  at  normal  -jx'eils  beim;  worked  at  only  mod.'- 
rate  fluxes.  For  further  reduction  of  sjx-ed,  resistance  mu>t  \yc  introduced 
into  the  armature  circuit  so  as  to  increase  the  lost  volts  and  reduce  the 
back  K.  M.  1-.  required,  but  the  method  is  uneconomical. 

The  varying  of  the  speed  by  control  of  the  field  flux  may  be  accomplished 
in  shunt  motors  either  (i.)  by  introducing  external  resistances  in  the  luM 

magnet  cir- 


..5  5^ 


600    aOO    700  800 
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tig.  639.— Efficlcncjr  of  a  15  h.  p.  Motor  with  Movable  Cores. 


cuits,  as  IS 
usual  shunt 
dy  M  ''ig. 
17.  >  r  a 
d  i  !  e  n  t 
objtLL,    or  (ii.) 

by  winding  the  exciting  coils  in  multiple  or  parallel  tedious,  which  can 
be  ,-uccessively  cut  out  of  circuit  as  the  lield  requires  to  be  weakened 
to  increase  the  speed.  In  series  motors  the  first  method  is  not  available; 
its  electrical  analogue  would  be  to  shunt  the  field  coils  with  a 
variable  resistance,  which  drains  off  part  of  the  exciting  current,  anil 
so  weakens  the  field.  Another  method  is  to  wind  the  magnetising  coils 
in  sections  in  series  with  one  another,  bringing  out  the  ends  of  the  sections 
to  terminals  at  which  the  coils  can  be  succesMvcly  sliort-circuitcd  to  keep 
the  field  flux  more  nearly  constant  as  tlie  current  increases,  thus  tending 
to  keep  the  <\Kvd  constant.  With  a  magnetically  weak  armature,  this 
solves  some  problems  which  occur  in  practice. 

The  control  of  the  speed  by  introducing  resistance  into  the  armature 
circuit  of  a  shunt-wound  machine  is,  of  course,  purchased  at  the  cost  of 
efficiency,  for  whilst  the  current  and  the  torque  remain  practically  constant, 
less  power  is  obtained  at  the  lower  -peed-,  the  balance  Ixiiig  wasted  in 
the  resistance  coils  used.  The  eliect  is  shown  graphically  in  the  cur  vis 
in  Fig.  f>6(>,  which  refer  to  a  loo-volt  motor  of  the  Crocker-Wheeler  Company 
of  the  2  100  >ize.  The  exjH'iiiiieiits  were  made  with  a  -tei)-by->lep  roist- 
ance  controller  with  six  steps,  and  the  h]t;he- 1  -wvA  atiuined  was  184  r.  p.  m. 
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The  Wn.linn  ever  of  the  curves  for  the  l.wer  .jH-e.^  U  lure  (!..■  full  ^:r..a.  .l 
loa.l  uf  2  H.  P.  is  n  ;-che(l  is  very  interesting. 

As  one  ..(  the  .1  ^  f  .littw  uhi.  .  ni  oMaiiiin-  wi.lr  rani;.'  of  sj>eeil  witu 
an  electric  motor  the  a.UKuUy  of  uKnut.mnni;  ~i.avkle-.>  connnutation. 
the  use  of  interpohs  has.  by  materullv  a^M-tin^  the  eonuuutat.on  .Urn.- 
,„urh  to  in,  rea.e  the  ran,,  of  s,H.ed  without  any  other  sixH-.a!  .U-v.-es 
Ixing  employed.  Sexeral  mteri>.>le  machines  have  Ix-en  «lesenlK>.l  alxne 
(sf.  pages  5H3  to  5«)o),  and  this  re.ult  of  the  use  of  mterpoles  has  been 

i:xam].le>  of  the  practical  devices  employed  m  reversing  the  directum 
of  rotation  of  motor-  and  of  ajiparaHi- 
u:«d  for  maintaining  a  ron-tant  >pi vd. 
or  for  obtaining  a  wide  range  of 
varial^le  spcds.  %%-in  be  dealt  with  in 
the  next  section. 

Torque— ^>'''''<'s  Motors-  <  )ii  !'  iL;r 

603,  Vol.  I.,  we  have  shown  that  tlu' 

relation  between  the  electrical  and 

mechanical  qnantities  in  a  motor  is 

given  by  the  equation — 


X  =  C 

2  T 


(1) 


EFFICIENCV  CURVES 
J.lOO  too  VOLT  MOTOR 

AT  Different  steps 

OF  CONTROLLER. 
HIGHEST  SPtEO.  LOADED 
m  R.  P.M. 
e«oe«tii-wM«i.i«  tticTBie  ea. 


whence  if  n  be  con-tant  the  torque  in 
a  series-wound  motor  is  proportional 
to  the  current  supplied.  The  con- 
tlition  that  N  1h'  constant  is.  of 
course,  onlv  fuHilUd  in  such  a  motor 
when  the  value  of  the  lurrent  is 
such  practically  as  to  saturate  the 
field  magnets,  and  usually  this  is  the 

.••w,.  with  the  liea\  v  cm  rent  ni-h  at  .  ^  * 

S^ti^r  N-hen.  m  such  a  motor,  the  current  is  not  sumnetjt^  to  sa  urate 
fte  fields,  as,  for  instance,  when  the  motor      nmmnp  h.M  at  a  1 
; peed  tlu.  torque  .,11  decrea.se  more  rapidly  than  the  current.  Muce  c  and 
J  rtiminish  to-etlu  r,  thoutth  not  in  the  same  proportion. 

S    3^^^^^^^^^^^^^  The  current  c  in  equation        .        --en.  through 
the  aniature;  if  Nve  denote  this  current  by  c  ,  we  have  lor  an>  motor 


75  LHO  1.2s  1.50  l.Ia 

fid  6«a— Output  ami  EiSc..  iicy  >t  Various 
Speeds. 


2  W 


(2) 


Tf  we  aiu.lv  this  to  a  shunt-wound  motor  rimi.ing  on  constant  pressure 
JL  le7v.  of  \vhieh  is     we  have,  employing  our  usual  symbols 


fij^  EtSCTKKITV  IK  THB  SeRVICR  Of  MaN 


and  since  E  =  n  z  \ 

T=1'L:^>-?  (3) 

2  »»» 

/r/7r  r/  of  Supply  Vc!/.ii;i\  Hie  last  equation  shows  that,  in  a  RrncKi 
wav.  a  >luint  molor  wliirh  will  fi'wc  a  cniain  torque  at  a  certain  sjh  .  ■ 
for  a  particular  value  of  '  ran  be  u -wouu'l  to  i^isc  tlir  ^anii-  toniiic  at  tii 
same  s|xh;{1  for  any  other  value  of  -r.    If,  for  iustaiue,  the  supplx-  volta- 
be  doubled,  it  is  easy  (  w  pa^re  5.S)  to  re-wind  the  fields  to  pve  the  sani. 
ampere  turns  at  the  new  V(illat;e,  and  to  re-wind  the  amuitnie  so  that  , 
and  til' refore  E  are  doubled.     The  nnim  iator  of  (  ;)  will  Ihen  lou-  \« 
increased  fourfold.    The  denominator  will  Ih'  similarly  increa-ed,  -im. 
the  value  r ,  incivascs  a-  /'.    Thus  the  value  of  T  remains  unchanged  foi 
tiic  same  value  of       The  current  thronijh  the  armature  will  be  cut  down 
one  half,  and  the  same  jxiwer  will  then  lure  be  drawn  from  the  mains. 

There  are,  however,  limitations.  First  of  all,  the  law  that  the  resist- 
ance varies  as  z-  is  only  tnie  on  the  supposition  that  the  relative  space 
di'voted  to  copi>er  and  in-ulation  remains  inuhant;etl.  This  craxs  to  li 
the  case  when  the  volta.ne  is  pushed  up  hit,'h  and  the  coiKhulnrs  bemni. 
small ;  the  si...ce  devoted  to  insiilation  then  becomes  ex(  e-.si\  i  l>  hui^e, 
liurr  ciinihutiirs  have  tc  be  n-ed,  and  the  current  density  in  the  con- 
ductors an<l  their  re^-i-tanre  inerea-e  ranidly.  The  former  result  leads  to 
daiv^<M.)\is  heating;,  whil>t  the  latter  nimv  than  iMojwrtionally  increases 
the  \alue  of  r,  in        and  thus  the  value  of  T  falls. 

The  hi^'her  limit  is  also  affected  by  the  reactance  voltatje  of  the  c<im- 
mntatiuL;  ^eitinns,  which  \aries  ii)1il,'1i1\-  as  z-,  and  thei  'tore  a  strdiiL'ii 
reversing  fringe  will  be  recpiired  h)r  satisfactory  comnuitation  when  the 
supply  voltage  is  high  than  when  it  is  low.  This  may  be  met,  to  some 
extent,  bv  re-(!e-ii,'nin;,'  the  oMninutator  with  more  numerous  sections, 
but  there  are  olnious  limits  to  this  lenn-dy 

Though  not  so  often  occurring  in  practi  ,  it  ma\-  be  noted  that  there 
are  lower  limits  to  the  variation  of  the  voitago  for  which  a  motor  may  be 
re-wound  to  give  the  same  torque  at  the  same  speed,  and  that  these  limits 
also  depend  iipim  comnuitation  dithciilties.  The  limit  is  uarlud  in  a 
given  case  when  the  increase  ol  the  armature  current  has  reduced  the 
windings  on  the  armature  to  one  turn  per  section.  Further  increase  of 
current  can  niilv  be  nut  bv  re-cl  -^igning  the  commutator  with  a  smaller 
number  of  sections,  and  the  further  limit  in  this  direction  is  reached  when 
the  current  to  be  reversed  at  commutation  exceeds  the  capacity  of  the 
revei-sing  fi  inL;e  to  effect  the  reversal. 

Tlic  effect  on  tiie  eifkieiicy  of  rc-winding  a  motor  to  give  the  same 
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torqiip  at  a  lower  speed  should  not  l>e  iKUomi.    As  the  >j..fd  i-  <lnimii-h.  (l 
tlu-  .  trui.iuv  falls  at  fipit  somewhat  -lowlv  and  then  more  lai-idly,  so 
that  voi  v  >lmv  -i-trcN  au-  puuluiM  a  at  a  i.l.itiv.  lv  :m.  .ii  .  ..m  m  .  IIm  i.^nry. 
as  well  as  givm^  proix.i tiunat.lv         i.uw.i.    Hn^  .11"  !  i-  ,  i.ii  ln.allv 
shown  on  the  curves  of  Fit;.  Wu.  wind.  iet.i  to  t.-t^  .1  a  j  i> -  »  i-'.k.  i- 
\Vli.'.'l.M  motor.    In  tli.'-e  .  tii\.s  tin-  horizontal  oulmalo  ui.li.ate  sj*>«l 
ni  K.  P.  M.,  whilst  the  v.rlu.il  ..i.lii:ates  are  iH-rientat,'e  ettieieneies.  The 
motor  is  d'e^ii,'ned  to  giw  J  v.  v.  at  i-..  u.  r.  m..  "i  lo  ii.  P.  at  ."ioo  k.  r.  M., 
and  the  different  curves  are  f..r  ],     l  lull,  an.l  i  \  loa.ls  of  the  lated  i».wer 
respectively.    They  well  Ix-ar  out  the  aU.ve  remarks.    Tlius  the  'lull 
li.ad  "  ciu  v.'  shows  tlie  utlu  u  lu  v  at  5=;o 
R.  P.  M.  and  II  11.  r.  to  be  m  arly  So  per 
cent.,  but  at  200  R.  P.  M.  and  4  h.  p.  this 
illicuncy  has   fallen    to   03  p.-r  c.nt., 
whilst  at  50  revolutions  less  (150  K.  r.  M.) 
it  is  only  55  Jht  cent.    M.ino\i  r,  all  tli.'  eo 
curves  fall  to  zero  ethciency  t..  the  nj^ht 
ot  the  oritjin.  i'  e  meanins  of  which  is  " 
that.  althi>n,i,'li  the  motor  would  mn  li,L.'ht 
(i.e.  with  no  load)  at  the  speed  iiuliiated, 
the  moment  the  load,  as  indicated  by 
the  standard  torque,  is  jnit  on,  the  motor 
would    stop    bi.ause    .il    the  excessive 
armature  n-istance  required  for  that  low 
speed.    Thus  the  motor  experimented  on 
would  barely  take  full  torque  at  100  R.  P.  M.. 
but  would  be  capable  of  dviiik'  llme- 
quartcrs  or  less  torque  at  that  sp.  cd. 
Slow-  V.  Hisrh-Speed  Motors.— It  has 


V.,r.-nv  I  1.1. Is 


alreadv  been  uointed  out  that  within  ieas..nable  limits  electric  motors  can 
be  built  to  ru    at  an\'  sp.rd,  but  that  for  a  civen  power  the  lower  the 
speed  the  larger  and  more  costly  the  motor.    Tln-^  i-  b.  <  au-c  (  w  p;r  v  (.o  >, 
\ol    I)  the  power  developed  is  measured  by  the  product  ot  the  loi.|ue 
and  the  ani,'ular  velocitv.  and  if  the  latter  Vk^  diminished,  then  for  a  .,'iven 
power  a  larger  nuchanu  al  torque  must       .l.  v.  loped.  n.T.-itat.n,;;  a  mu.h 
more  substantial  machine  than  is  lucded  to  develop  the  h^'hfr  t.^r-pi.^ 
re(iuired  to  Rive  the  same  power  at  a  higher  sjieed.    hor  li!:htne>s  a„d 
clu>apness,  theivfore,  hif,'h-speed  motors  are  the  more  adv antau^'ous.  llu-e 
are  also  obviously  the  best  to  use  f..r  driving  directly  rotary  machines 
such  as  fans,  centrifugal  pumps,  polishing  spindk>s.  etc.,  which  run  at  a 

On  "tilt  other  hand,  for  slow  running  machiner>'  high-s,)eed  motors 
necessitate  the  use  of  reduction  gear  in  the  form  of  spur  wheels  or  pulleys. 


'If.! 
ion 
I , 


is  '  I  0.'  '.vluif  I  is  the  moment  of  inertia  dependmg  on  the  ma-  and  ^ 
of  the  bi.dv.  an,l  .  is  the  angular  velocity,  and  this  quant  ty  is  lai.v.  i 
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or  shafting  and  Mts.  etc..  which  not  only  swallows  up  p.ii  f  of  the  savin'.' 
initial  .ost.  l.ut  also  lower;  the  efficiency  of  the  driving  plant  conside- 
un  to  the  i>oint  of  atta.hinent  to  the  driven  machine.  Such  recluct 
gear  also  take>  up  spa-  which  in  some  cases  can  ill  be  spared.  Furtlu 
if  the  motor  has  to  be  continually  started  and  sf.ppe.l  as,  for  instam. . 
with  cranes  and  hoists,  or  with  a  printing  press  in  ih.  process  of  niaku.t; 
re  idv  "  -the  energy  required  to  start  a  hiiih-speed  motor  is  much  greater, 
though  the  machine  is  of  less  weij,'ht,  than  in  the  case  of  a  slow-speed.  The 
energy  required,  apart  from  friction,  to  set  in  motion  anv  rotanni;  ho.lv 

1 

a  light  bodv 
runnini^  at  a  hiLrli 
speed  tlian  fm  a 
similar  heavy 
body  running  at 
the  relative  spec'! 
used  in  electric 
motors.  For  in- 
stance, the  two 
armatures  shown 
in  Fig.  ('()2  beloiii; 
to  two  motors 
built  by  the 
Crock'  -WliceU  r 
Company  to  de- 
velop the  same 
power  (2  B.  H.  P.), 

Kig.  662.  -SI0W  «nd  Hiijh  SvweJ  ArmatorM  to  DevHi.p  the  Samt  Power.         ^j^^,  larger  for  a 

multipolar  machine  at  100  r.  p.  M..  the  smaller  for  a  bipolar  nuu  hine  at 
I  000  K.  V.  M.  At  normal  speed  the  product  A  i  Ls  280  foot-pounds  for 
the  larger  and  9<k)  foot-pounds  for  the  smaller,  or  3-2  times  as  much  energy 
must  be  expended  to  start  the  smaller  armature  and  briiii;  it  up  to  si)ei(l 
as  is  necessary  in  the  case  of  the  larger  ..ne.  W  hen,  in  addition,  the  smaller 
machine  has  reduction  gear  attached  to  it.  the  discrepancy  becomes  greater. 

VII.     CONTINIOUS  CURRENT  MOTOR  WORKING 

The  applications  of  continuous  current  electric  motors  to  various 
purposes  will  l>e  de.dt  with  in  due  course  under  the  different  apphcations 
of  the  electric  current  to  the  service  of  man.  In  this  section  it  is  proposed 
to  describe  and  illustrate  modern  examples  of  tlu-  actual  apparatus  used 
for  the  startinj;,  reversing,  sjxed-control  and  safe  running  of  such  motors. 
The  e.\aniples  available  are  practically  innumerable,  and,  as  in  other  parts 
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„f  the  b..ok.  onlv  a  few  can  be  pvvn,  wln.l.  .nay  U-  tak.  n  'M'"-'"' 
uti,..,.  no  ^lur  »v,n,  .a.t  u,..n  tl.,-  n.anv  ex.vlKnt  exa.upW. 
ior  which  it  is  iini«."il'U-  t"  HiM  -i^-v  ^   ^,  ..tin- 

Necessity  for  Safety  Devices,  -ih-  ,....,...,0...  n..,.--.  -n  m  .am 

,n.l  stop,..n.  .notors  detaiknl  in  the  preoe.hn.  ^.  •  -mh  a.v  .-n,.l,.        -  • 

:;;"k.;U.a  a,t.,ul..nts  .  ,//  th.-  .a.  if  there  ix- a  wron, 

wav  possible,  with  unfortunatr  >  o,.^..in.  n.vs  .  .tlu  r  to  tlu.nM  hv.        '  -  '  ^ 
t  ttin-  ..n.l  o,,ni,.nu-nt.    Moreover,  circu.n>ta.Kes  n.av  an>e  wlm  h  ma> 
,  .ou^  aL.  ,uences  without  ar,v  blame  attaching  to  the  atten-lan 

n  eU  rVe  of  the  .notor.    Sup,o>e.  f.„  n.tan.  e.  .h,.t  ,1„.  ,,,...s«re  were  cut 
f  from  the  supply  mains  for  a  few  nnm.tes.  a  a,n,.n.e,uv  w   .h  n  V 
.„  eur  It  anv  time  on  "  j^wer  "  mains,  the  motor  wouM  n,.e.^..nK  -  o,. 
w.     t  e  .  lo-  a  in  the  r,nnnn«  position..    As  mo.t  m..tor.  when 

arted  can  I.  K  U  f..  Ion.  ,nterv...  without  attonti.jn.  ,t  mav  ha,n- 
that  nobodv  is  at  hand  .0  ,m,  ha,  k  .he  .tar.M,«  -v,,,  h  .0  ' 

..ition.    (-..nse-iuently.  when  the  supply  main-  ^^^^^  "T^-.t 
aes  uctive  current  will  flow  throu«h  the  armature  before  the  mo  or  u  n 
Jit  m  sxed     Ihen.  a,.un.  tho.-  wlu.  are  n-in,  the  p.wer  may  put  on  an 
fxces       load,  c.u.ing  the  n.aor  to  .low  down,  and  .haw  fron,  the  mams 
mTxce'ive  current.  It  mav  be  said  that  as  there  ar^  fu..^  .n  , ...  n„  .  -e 
Z^-^Z.  -  ...d  cu,  o,„-the  motor,  InU  a  ^^^^^^^ 
.1...  fns-  m  iv  d-iniane  the  motor  if  kept  on  for  a  long  time.  For  botl  cases, 
should  be  dev,s,.d.  if  po^MMe,  >o  that  eUher  for 
..^X  "  (.he  first  case),  or  for  an  "  overload  '   (the  sec<md  .^Y  he 
sw  tch  would  .nitomatically  cut  the  motor  out  of  cucmt,  and  make  ,  - 
I^^ble  for  it  to  be  started  again  without  the  proper  procedure  lx.n« 

"^Tn  practice,  in  addition  to  providiuR  for  the  contingencies  ju.t  referred 
,0    r      n  ,ue,>,lv  convenient  to  Ix-  able  to  vary  the  speed  of  the  motor 
o   u.   t  e  part.cular  work  requned  at  the  moment,  and  even  at  tmu-s 
:  everi  the  direction  in  which  the  motor  runs.    There  are.  o  course, 

3  llaX  vvUhiu  lun,t.  ra,...  >  o.  ..n  ed  which  are  verv  conven.ent  f.. 

"^^IT^  tins  ne.,„.i.ty      the  use  of  electr.c  n.t.,.. 

it  is  eci  ary  o  de>„n  the  sw.tchln,  apparatus  with  great  care,  and  v>.th 
a  full  I^o^Sgl  of  the^cunditions  of  the  work  for  which  the  motor  .s  reqmred. 

M 
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So  important  has  this  branch  of  .K-.  l.i.  al  manufartuio  Nro.ne,  tlut 
M.Miti.Mi  to  til.'  later  firms  having  -Fcial  dipartnu-nls  for  it.  quite  a  nun.l  •  i 
„(  linns  have  nia.U-  it  a  ^jh  .  iality.  ami  practically  devote  themM-h.- 
t:itir.-ly  toit.  For  our  purp. altli.Mi,i;li  ilu  n-  may  Ih-hmi.- nv.  ilapi.ii 
it  wilflx.  convenient  to  lUal  with  the  apparatus  as  groui^d  into  van..,, 
classes  acurdinK  to  the  particular  purpose  immediately  in  view,  and  al>... 
at  times,  accoiduif,'  to  tlir  !<•  ulinf;  t<  itnie  of  the  drsif,'n. 

Starting  Switches.— Tiu^  <  i>'«'f  starting  switch  is  to  >ny\.\  < 

a  ready  and  convenient  means  with  all  the  nec.ssary  apparatus,  not  .>W.x 
lo  start  "  a  continuous  current  motor  of  a  specified  output,  but  also  i., 
provide  the  safctv  dcvi.-.  s  wiiich  will  oprate  either  (i.)  if  an  attempt  U- 
made  to  start  tin-  inotor  to<.  .pii.  klv.  or  (ii.)  if  tl..'  supplv  of  ckrtnc  en.  r.v 
fails,  or  (iii.)  if  the  motor  be  overloaded.  Such  sNvitclies  as  we  are  co,, 
cerned  with  here  are  arranged  for  shunt-wound  motors,  and  they  may  1h 
rlas-itied  as  shown  in  the  following  paragraphs  according  to  certain  general 

features.  n         i  i 

Fuce  Plate  Starters.-\n  these,  which  are  alnmM  .lmv.■r^ally  em|.loy.  ,1 
for  small  motors,  the  apparatus  is  mounted  upon  a  Hat  plate,  usually  ma.U^ 
of  slate  or  marble,  an.l  tiie  necessary  contacts  for  making  connection  to  the 
different  sections  of  the  rheostat  or  resistance  arc  frequenth .  but  not  ahvav. 
arranged  consecutively  on  a  circular  arc.  The  other  apparatu--  to  Ik-  mount.  ,1 

—        on  the  plate  will  appear  m  tlie 
seiiucl. 

A  starting'  switch  of  this 
type,  wlii<h  is  perhaps  X\w 
most  generally  used,  for  a 
shunt-wound  motor,  made  by 
the  British  Thomson-Houston 
Company.  Ltd.,  is  shown  m 
Fig.  ()<>3,  and  nia\'  be  taken  as 
typical  of  the  simpler  switches 
liavin.i;  a  no-voltage  and  over- 
load release.  In  this  tyjH! 
the  multiple  contacts  for 
dealing  with  the  resistance 
are  arrani,'i'd,  as  just  ex- 
plained, in  a  \  lane  on  a 
Fig.  663.— B.  T.-H.  Ptse>nate  Starter.  slab  Of  face  plate  and  the 

necessary  contacts  are  made  by  sliders  or  wijicrs  moving  over 
the  plane  surface,  these  sliders  or  wipers  being  mo^t  fre.picutly,  but 
not  always,  near  the  extremity  of  a  radius  lever  or  arm.  In  the  British 
Thwiiiri>n  !l  m-ton  -tarter  tlie  switch  arm,  magnets,  and  cont.icts  are 
mounted  on  an  enamelled  slate  panel,  and  the  action  of  the  switch  will  be 
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n-a.lilv  full.Awd  In-  r.  f.  n  ti.  to  Im^,  (-•.},  in  wlii.  1.  tho  v.nioto  .l.-t,..I-.  of  1 1..- 
ai-iuratiis  on  the  liont  ut  ilie  i-.m- 1  in  l  i.i;.  t.ti,5  .iiv  -linwn  .li.i-r.iinnMti.  anv 
in  the  same  relative  i«)^itions  witli  tlu-  cx.rptinn  tli.t  xU-  aiii.  ot  tl»' 
switrl,  apiH-ais  on  the  "  running  "  in>t«-;vl  of  on  the  "  oit  '  >lu.l.  Uie 
re-wt.imt  s  In  t ween  the  .ontact  studs  (my  l-in- 1.53, 'i»(/<)  are  mounted  Ix-hind 
llie  slate  in  the  -pw  r  1.,  tween  it  and  tlie  frame,  by  which  it  can  be  tixcd 
in  any  convenient  jjosition. 

ReferrinR  to  FiR.  6<)4.  the  current  cominR  fn.m  tlu-  supjJy  eircjut  pa-sc-s 
first  tlinm^ii  the  iiiM  >  i-  and  the  ni.iin 
switch  S,  lioth  doul.l(-l"'le.  Tin  -;-  lead 
is  carried  direci  y  from  the  main  -wit'  li  to 
the  motor  and  attarlie(l  to  the  -j-  '  ter- 
minal, whieh  on  this  (Uapam  has  also 
one  end  of  tlie  tield-maKiiet  (-Imul )  roil 
attached  to  it.  The  — "  ends  of  tlu'  lield 
and  armature  circuits,  and  the  — "  lead 
are  connected  to  the  switch  JKinel  as 
shown.  With  the 
switch  open,    as  in 

rif;-  ^'^'i-  ^^''^ 

found  that,  s  Ix'ing 
closed,  there  is  no 
circuit  through  the 
machine,  as  the  — ** 
line  pole  is  c  -nnected 
to  the  movable  arm 
B,  which  is  on  the  idle 
strip  I.  WTienthearm 
B,    moving  forward 
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Fig.  a4.-ConiitctioB5  of  B.  T.  H.  No  Voliigt  ami  Ovtrload  R.ku<  Switch. 


reaches  the  strip  s,,  two  circuits  are  clo-d    n.niu  lv.  (i.)  the  ti.  l< 


l-ni.i^;nef 

circuit"  through' the  field  coils,  the  ternunul  i-.  Hk-  no-volt,igc  nuignet 
K,  the  arm  B,  and  the  overload  mafinet  o.  to  the  terminal  M  and  the 
pole,  and  (ii.)  the  arm  itnie  circuit  thron,L;li  tlir  annattue,  the  terminal  .\. 
all  the  resistances  rr,  to  tlie  arm  h.  the  ovcrlo.id  magnet  o,  the  terminal 
M,  and  the  — "  pole.     The  motor  tlien  starts,  and  as  its  sjKed  in<  re.i-es. 
B  is  moved  slowly  over  the  remaining  contacts  until  it  reaches  the  last. 
Then  all  the  extra  resi^-tances  %vill  Ix;  cut  out  of  the  armature  circuit,  and 
simultaneously  a  soft  u..n  plate  attached  to  n  will       attracted  and  held 
firmly  for  the  full  field  current  is  flowing  through  the  magnet  cil-.  l.v 
the  poles  of  the  electro-magnet  N  against  the  pull  of  a  sprmg.    1  he  spring 
referred  to  is  coiled  upon  the  huh  of  tlie  arm.  -o  that  the  clockwise  motion 
of  the  arm  coils  it  up  still  further.    The  combined  currents,  U  will  be  noted, 
flow  through  the  coils  of  the  magnet  o,  which,  however,  hasj  not  sufficient 
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coils  to  give  with  the  normal  working  currents  the  necessary  ampere 
turns  to  attr:i(  t  its  armature  c. 

The  aul<.ni,iti.-  a<  ti..n  of  the  switch  in  each  of  the  cum-s  under  con- 
si«krati.m     v.rv  Minpl.'.    If.  wli.n  thr  ^\viirl.     <ln-.  ,l  aii.l  111.'  n...t.,i 
running,  the  vohs  are  taken  oft  tin-  supply  circuit,  the  n...v..ltaK.'  hmkim  t 
will  lose  current  and  be  unable  to  hohl  its  armature,  which  will  U  i-ull, 
oil  hv  tl.c  roilcl  spriir,',  whirl,  will  aNn  ].nll  the  arm  B  rapidly  over  to  siiip  i 
Tims  till-  n.uK.r  will  1h  .liM  o.,iu  rt..l  ci.tin  ly  from  the  — "  hnc,  but  its  fieli'- 
magnet  circuit  will  Ix-  1.  ft  (1.k,m1  tlinniuli  the  ariiiaturc.  llms  avdi.luif:  . 
destructive  in.hirtivc  flash.    When  the  supply  circuit,  tlitivforo,  is  agau: 
enerfjiscd,  tlio  m..tor  will  have  to  be  started  in  the  usual  way. 

Suppi)-.'.  nrxt,  that  thr  muti.r  wiidi  nmiiint;  i-  ..vi  il.  i1.  ami  slrw. 
down,  its  back  e.  M.  i'.  will  U-  ihiuinishcd,  aiul  wnscpi.  .  ly  it  will  tak. 
more  than  its  normal  current.  This  excessive  current  will  II. >w  thr.^iitl 
tlie  clr.  lro-inatinrt  o.  and  niri(.M-r  tin-  ampere-tums  sufficiently  to  attra.  i 
c  and  bring  the  bri.lgu  h  ayaiu^t  the  contacts  immediately  above  it.  ThcM- 


Fig.  eej.-A  Line  of  Wwtlnglioaie  c  c.  Face-Plat»  itanera. 

contacts  iK-ing  connected  directly  to  the  two  terminals  ot  the  mafrnet  N. 
the  coils  of  this  magnet  will  be  short-circuited,  and  will  lo~<  then  current, 
releasing  the  annaturo.  an.l  cutting  the  motor  out  of  ciicmt,  as  in  the 
preceding  case.  Bv  an  adjustment  at  the  plate  c.  the  armature  of  the 
magnet  o  which  is  held  "  oft  "  by  it>  own  wvi.^ht.  can  be  -et  at  any  con- 
venient an;;le.  It  is  usually  adjusted  to  move  upwards  witli  an  overload 
current  of  50  per  cent,  in  the  magnet  coils.  When  the  arm  B  flics  back  the 
nvv'uet  o  loMK  it>  <  nncnt  and  c  drop-  down  l-v  ^ts  o%vn  weight  on  to 
the  supporting  rest,  thus  le.ivum  the  switch  quite  ready  for  a  fresh 

^*^\\itii  iv-|>ert  to  II  hanual  d.i..il^.  it  may  bc  puiated  out  tluit  t!-'' 
switch  slK)wn  in  lig.  OOj  is  made  with  rciiCK-able  contacts,  in  other  words, 


Alt  t.-l't.A  tK  Sr  xKit  v.v 


if  tin-  rniit.irt  \<\vc.  <  h.,uM  w.  Mi  li.iii  Lv  (li.-tiun.  (.r  -iiurkiiv'.  or  l...lh. 
thrv  .ail  Iw  d.  t.i.        an-l  ii.  w  o.ui>..  t  p..  ,  ,-,  inM-.l.'.l.    A  rlxMix  r  form 
of  the  switch  is  ma.li-.  in  which  >iinpl.-  .  ,.„i..,  t  buttons  take  tht-  j.!...  .-  ..f 
tli<-i<  niuss.itile  roiitait  i>ii'i-f<.  AuoIIht  ix'int  is 
th.il  there  iin^  two  miilai  t  Kwv^fX^  on  tlio  switfh 
inn.    The  f.)isvat<l  nu.'  i-.  tti\i-  in  contai  t  witli 
Iho  m-xt  fixed  contact  pi.  . c  U  li-re  thi-  ba.  kw.ii.l 
on.'  leaves  the  preceding  contact  piece.  Ih.- 
.  ii.iiit,  tluivfoie.  wlu  ii  I'U'v  111. 1'l'      ii"t  I'H'k.  11 
on  llie  contact  pic.e^.    Otlici'  iinth<HU..l  .Ualiim 
witli  the  sparking  difficulty  will  be  referred  to  as 

\v.'  pr.H  Ocd. 

a  furtlier  example  of  face-plate  starteis. 
Fi^;.  ()(.5  illustrate-;  a  line  of  \Vr-tin,'li..M-.  -i.utri:, 
for  motors   ranging    from   \    t..   75  h-  h-  I'- 
Further  detailed  description  is  unntcessary.  but 
tlie  r.'a.l.  r  ^ll"ul.l  .  .irelully  .  nmpaiv  lli-'  ariaii«e- 
nirnts  on  each  ut  these  >tailri>  ot  the  -tan.l.i.l 
tyiie   already  described,   with  its   .ui.m^Mn.  nt 
,;„   the  oth'Ts,   and  on  the   H.  T.-H.  Mait.r 
ill  Fif,'.  665.     As  to  details,  it  will  be  notice.l 
that  "'the  tw.i    l.nt;rr    >taiteis   liav.'  i.ii.wable 
contacts  for  the  rheostat  connect  ions,  and  tliat 
the  tin       mailer  have   permanent  stud  con 
n.rti.Mis  oulv.      A  ir.iture  of  th. start,  rs  is 
that   a    iMKLim  'f  ,'  >uuctv.ns   is   p  rinan.  ntly 
attached  to  the  front  of  the  start.r   aii.l  1-. 
therefor.-,  alwa\s  available,  so  that  it  sliouUl  not 
possible  t.)  iiiak.'  a  mistake  in  j.miing  up  the 
•starter  to  .he  motor  and  tlu'  mains. 

The  above  starters  will  serve  as  tlu:  t^pe  ..f 
many  similar  starters,  all  u-inf;  the  same  f^eneral 
principles  of  nm-tnirtion,  Init  ditf.'iing  in  th.- 
arrangement  of  the  parts  of  the  apparatus  .m.l 
in  mechanical   details.     These  pcmts    are,  ot 
c.mrs.  ..,f  ur.  at  importance,  but  to  describe  every  t^^^Jj--^  aru-""''*- 
variation  fully  would  be  te.lious.     As  examples  ,„„^,„,,i^,„ 
of  other  face-plate  starters  will  bo  unvn  pv.-^entlv  m  -  ^ 
other  p.,ints  there  is  less  need  for  ad- htional  separate  'h-"    '"  " 

I'alin,,  then,  from  individual  starters  of  this  type.  Hg.  ;  '  '^^ 

a  c  iupU  t;  outfit  such  as  has  been  indicat..,!  as  -  --^y "^^^l 
i    -  tnl!  Ltion  of  a  c  c.  motor.    It  represents  a    motor-control  panu 
^' d^i'^S  Id  ™\rfac.u,cd  by  Mess,..  B,<»k,  lOn.       Co.,  Ud.  o. 
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i  lu  Ht.r.    rue  whoJ"  "f  tV  apruratu.         utaiil.-.l  in  a  m,  •  >!  r.    not  ..: 

..  „.  vvl.i. \^  '  ..n  1-  in  !.■  M-nt.  du^t-tiKl.t.  au.l  i*  s,.  .U-^l^n'  ■!  that  th.-  ...i. ,u- 
,witil..     <  ..I    '  I'ui.tr.l  fn.m  th..  outside  without  opnms  Hi. 

*'""n„.  iHJttom  cmpartnicut  .■..nt.iin^  tlu-  i.um  -wif  l.    f -v  l  ii,'.  '  IV 
„,  this  .:.    ,  .s  a  nnuit  br.-ak.-r.  m.  inf. !..,  k.,l  Hi-  sta-,  • 

that  .t  can  ..nlv  i-c  put  •  <...  '  u  M.  tl.    ^tarfor  .s  •  ofl.      Fn  the 
compartment  tUrc  is  an  aunn.  ,r  to  nuaM.,-  the  .:urr..,r.  nse.l. 
scale  of  the  ammiter  JvinK  visible  llnniiKh  the  rI.i  -  pr.      i"  i     n.'  ; 
U  .liised     Hm   ten  .i.nipartnient  also  contam-    .e  stall..,        '       ■  i 
t  K  ^m...!  typ.  .1  -nN<l  ah.  v.   hut  which  is  also  .ntrrl.Hk,  a  .itl, 
;L  Lin  circuit  hi.  in    -n.  >.   a   v..,v  .ha.    it    -.n,,,    IH.  pur 

until  .h.  circurt  hieak  1  is  full>  cl.oed  and  its  liaiull.;  lue.     It  ... 
noticcl  that  the  con...t  plates  for  the  series  start...,-   r.^.tana  a„ 
fairlv  nu...ero..s.   „.d  tlu.t  .1  arra..^.'        ....  .•v.,..„al  ..  .kt-..,- 

.Tc  a  "hcs  of   a.ld....>nal   c....,a,.-,  so   pL.M  that   .hey  cover  .he 
dividi...  Raps  in  the  otlR-r  arc  in  such  a   uav  thai    •  hey  ...ke  an 
-park  v^hich  n.av       '    -       ^-^vitch  arm  i>  n..  -cl  rou   >  I 
contacts  cor.-ist  ...  .      '  'i  buttons  or  rollers.  «     h  cann-' 
hv  the  spark.    A  '  -l'U"t  cml  h..ld-  arr 

Ns-.iv  while  current  .s  "on.'  hut  the  "o^erloa.l     sol.  n. 
■■  no-volt  ■•  coil  on  the  main  circuit  breaker        ni.  ui-        '  -  > 
which,  when   raided  hv  an  ex.v^.n.-  cu.i.n         il   -Urec.  A.-n.. 
the  terminals  of  this     no-volt  •  .  ..d  and  1..  ;  .rem, 

B.10W  the  starter  there  is  a  reRulatmn      ^     i  l<>r  varviii^ 
,  .  ,L  ,  .  ulM.  h  hir-hrr  .vl.  rence  will        nade  later. 

[  J'vvu.  lK-ca..  ,dl  1      m.nupulated  from  .     M.k  the  cahmet  :  the 
lit   hf.ikrr.  hv  a  h.ii 
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rtfv  ami  I  hick  I 

t  I     tlir    '•tci  l 

M17,  till-  int. 

li|M-.l  \MtJl  .1  " 

ft-rtul  tia'. 

CIIK  U  llt 

(li-ics  fniii 

f  ll.  M-  svil! 
AW  -  >>f 

contait  !(•• 
sistawe  <><- 
twccn  tl'-i" 
iii.l  Ax-'C 
tin-  valui!  <>( 
which  will 

tre  packed,  and  wliu  li  will  dimiiii-li  iliiuu^li  a 
ide  ranqe  as  prcsure  is  applied. 
In  ilu-  -tarti  i.  ^l.own  open  in  Tij,'-  *><'7' 

wliidi  Ic.nk-.   v.  u    liko   an  ordinary   rirrnit  9lc<v/ 

breaker,  tlic  roi^tam  >■  niatcnal  in  tli.    Mil  ,' 

takfs  tlif  iilaiv,  tlcitrically,  of  the  rcM>t.iiuf 

r  r   in   l  iu.   •>*'4-     Th'"  rcnneclion-.  which 

fxhi'.iit  -(inic  -in.dl  vaiiaii  'n'  hoin  tin-  UMial 

ones,  though  tlic  principles  invohxl  are  the 

same,  are  shown  diaRramniaticallv  in  Fig.  •><>S. 
When  the  handle,  and  with  it  the  arm  A,  is 
moved  tocloM'  the  -wit.  h.  it  tir>t  do-es  the  main 
switch  by  a  simple  link      a  diiec  tlyecimectedto 
th.e  handle.    It  also  bridj^es  the  arcs  »  and  c 
(1-ig.  tiOS),  which  are  «m'<1  in  the  most  recent     —     7" '„f  |-,„,.„„ 
patterns,  thus  pnttini;  tin-  arin.itaie  a.  i.i-  Uie  - 
mains  in  simple  ser,e>  with  the  ov.  tlo.id  cotl,  the  l.lov.-o„t  r„,l.  an.l  the 
resistance  discs  in  tl«i  tube  k.  whilst  the  tk-ld  inat,'.iets  are  n>nal, 
put  across  the  mains  ia  series  with  the  "  no-volt "  and  overioad  cuit.. 


J-' 


l//v£     FiClO  ^f<r4 
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As  Xhc  motion  rontiniio'^  tlio  carbon  iX\-r~  in  tho  U\W  arc  compros'^pd  moi. 
ami  morn  by  tin-  iirtion  <>£  the  lever  !t  {V'm.  <>'>7),  wliidi  i-  iiurli,mirall\ 
OHiplPfl  to  A,  and  by  means  of  a  rod  ii  pres'^es  upwards  a  platt-  situate  ! 
inside  tlir  ( Alimli  r  at  tbi'  Iimcr  end  i  Sininltaneously  the  rod  c  is  piillt/i 
downwards  ami  luinL^s  with  it  aiic>tli<r  plate  inside  the  oyHnder  at  the  f<i;> 
end  F,.  liotwct  n  the>e  two  plati-  I  lie  di-i  ,  are  rompre-^x-d  and  tliciv  rcM-t 
aiv  gradually  and  continuously  redu(  ed  until  the  switch  is  dosed  honu 
wh<  n  they  are  short-circuited  by  the  radial  contact  arm  slipping  from  th. 
arc  n  to  the  >tud  ic  (Fif,'-  'li*'  -"itch  arm  is  held  on  by  the  "  \\>> 

volt  "  coil  L  (Fij;.  ()()7),  whose  poles  i-  hold  the  armature  o  on  the  movable 
arm  of  the  switch.    The  armature  will  be  released  and  the  switch  tripped 
if  L  lo-cs  curnnt  cither  by  the  failure  of  the  supply  or  by  the  action  of 
the  overload  coil,  the  attraction  of  wlio-e  armature  (Fig.  66.H)  short-circuits 
the  "  no-volt  "  coil  in  the  usual  way.  With  the  first  motion  backwards  the 

radial  contact  arm  sHps  from  E  to  b  (Fig. 
668).  put  tin?;  back  into  circuit  the  resist- 
ante  n  and  the  lilf)w-()ut  coil,  which  (  an 
be  seen  k'tween  the  contact  jaws  m  iii 
Fig.  6(7,  and  when  the  switch  is  closed 
direc  t iv  ojiposite  the  contact  tongues  X. 
The  overload  coil  is  at  J,  just  above  the 
no-volt  coil  I,. 

Drum  or  Cyliiuiric  Starters. — ^This  tyjie 
of  starter,  which  can  be  used  for  heavier 
curieiits  than  those  just  described,  lia- 
been  referred  to  and  illu>trated  in  con- 
nection with  the  "  reversing  "  of  motors 
in  the  section  on  theory  {sec  pp.  644  to 
(148  and  Fiys.  ()54  to  (>57).  When  it  is 
not  recpiired  to  prov  ide  tor  the  reversing 
of  the  motor  two  of  the  armatme  contact 
pieces  shown  in  Fig.  654  may  be  omitted. 
.\  starter  of  this  tyiie  is  -liown  in  I'i.i,'. 
()()!).  which  exhibits  the  details  of  a  >tarter 
made  by  the  British  Thomson -Houston 
C"ompany  and  should  lx>  compared  with 
Fig.  054.  An  adiUtional  starting  segment 
is  provided  in  I'ig.  (>(>y,  so  that  the  start- 
ing resistance  to  be  thrown  into  the  arma- 
ture circuit  is  divided  into  four  sections 
])ieviou-  1  .i~e.  h  cN'iiiider  segment  and 


Vig.  66».— A  B.  T.-ll.  CyiimifU;  SUittr. 


instead  of  into  three,  as  in  the 

each  finger,  is  also  divided  into  two  parts,  which  facilitates  the  repair  and 
renewal  of  the  rubbing  surfaces.    The  starter  fa  shown  with  the  covers 


thrown  back,  and  it  %v.ll  Ix^  noticcl  that  th.-e  overs  carry  .InulinR 
partitions  wliirh.  when  the  cover  is  cl..se,l.  are  intert>..^.l  Ntw.-en  the 
'  WMikiiii;  cont.iits;  tli.-i'  p.irlitions 

ar«'  .1. -^i;;iitMl  to  pn  vt  ut  -iMrkinR 
between m'if;hbonrinR  contacts  wlicn 
the  circuits  are  Ivin^  broken.  Hie 
starter  shown  in  FiR.  (>f>r)  is  rated 
for  int.Miiiittcnt  woikiii^-  with  •  lotors 
up  to  loo  11.  P.  on  J,V>  volts  or  joo 
n.  p.  on  440  to  530  volts. 

Wlu  n  the  conditions  of  current 
and  viih.ip'  vender  it  nece->arya  unit:- 
mlic  hlo-„-oiit  is  added.    The  iMiii- 
ciple  of  this  <levicc  has  l>een  explained 
in  Vol.  1.  (sec  pane  271).     Its  appli- 
cation is  r-liown  in  I'i^^-  f)"'^-  whu  h 
represents   a  B.T.-H.  starter  and 
sjieed  controller  combined.  The 
magnet- 
ising coil 
for  the 
blow-out 
magnetic 
circui  t 
is  car- 
ried on  a 

bracket  attached  to  the  riuht-liaiid  hint;.',  the 
hinge  being  shown  in  the    '  open  '  po>itiou. 
When  the  hinge  is  closed  and  the  coil  ener- 
gised,  the  magnetic  thix  will  be  directed  be- 
tween tin;   heavy  couta<t   M-gnunts  on  th« 
barrel  and  at  right  angles  to  the  current  of 
any  arc  which  miglit  In;  set  up  lx>tween  those 
segments  or  the  fingers  with  which  they  may 
be  breaking  contact.    The  condition^  of  Fig- 
235  (page  270)  of  Vol.  I.  are  therefore  satis- 
fied, and  the  arc  would  be  magnetically  blown 
out.      The    spce<\-reL;uUiting    -cction    of  this 
controller    will    bo    referred    to    later  (sec 
page  680). 

The  coiKlitions  ..f  motor  service  are  so  ,    .    .  „ 

varied  that  it  is  inuK>ssible  to  refer  to  all  the  vanel.es  of  startera 
whl^  have  been  designed  to  deal  with  them,  and  some  will  l>e  more 


Fig.  610.- A  B.  T.-ll.   M.t.T  Sta.ltl  anJ  SlK.-.l 

Courollcr,  witli  Magnetic  Blow  Oai. 


Fie.  fiTi.—A  Spiing  K^iurii  Surtrr 
lor  CrwiM  »nJ  Hoi»<». 
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api)iopriat.  Iy  .Ic-crilud  in  coiiiu  ttion  with  the  particular  applications. 
A  1)1  i.  I  !( li  ivmr  inav.  how.  vci  ,  he  niaik'  to  the  starters  intended  for 
tlioM'  applh  ati.iiis,  ill  wliicli  tiu"  motor  (Hilv  runs  nitcrmitfcntly  an.l  in 
which,  tlicrcforc,  the  starter  is  rcquirid  to  be  so  designed  that  it  ncv.r 
leaves  the  motor  in  ciraiit.  This  is  the  condition  obtaining,  for  instance, 
Willi  iiam  s.  hoists,  lifts,  etr.  A  dnuii-t>  pe  IV  T.-H.  starter  f(ir  these  cases 
is  sliowu  in  Fig.  671.  It  is  an  ordinary  reversing  starter,  with  a  pt)werfnl 
spring  added,  which  is  coiled  up  as  flie  handle  is  turned.  As  soon  as  tii. 
op(  lator's  han.l  is  removed  from  tlie  haniUe,  this  spring  at  once  returns 
the  starter  to  tiie  "  t)lf "  position.  In  cases  of  this  kind  the  starter  is  also 
conveniently  used  as  a  speed  controller,  for  which  the  starting  r.  sistano  s 

are  available  (but,  mv  pagi: 

f'52)- 

The  above  cylim'ric 
starters  do  not  contain 
1  "  no-volt  "  or  an  over- 
(l  release,  which,  if  re- 
quired, must  be  provided 
by  a  separate  circuit 
breaker.  These  devices  can, 
however,  be  fitted  to  cylin- 
(Iric  controllers,  and  a  con- 
troller so  fitted  will  be 
di-scribed  later  (se«  page 
(.79). 

Miillif^h'-Swilch  Starters. 
-  For  large  motors  at  mo- 
derate voltages  for  whic  > 
heavy  currents  have  to  b^ 
handled  the  sli(Ung  contacts 
involve  sparking  ditliculties,  which  some  designers  overcome  by  modifying 
the  design  and  providing  a  separate  switch  in  the  place  of  each  contact 
stud  of  the  ordinary  starter.  The  modification  is  an  expensive  one,  but 
is  held  to  be  justified  by  the  results,  and  incidentally  it  lends  itself  to  the 
adoption  of  a  simple  "  fu.il-proof  "  device. 

A  "  multiple-switch  starter,"  of  this  type,  as  manufactured  by  the 
British  Westinghouse  Company,  is  shown  in  Fig.  672,  which  shows  the 
switch  witii  some  of  the  resistance  covers  removed.  Tlic  circuit  breakers  are 
mounted  un  a  {.h  e  pKite,  which  in  its  turn  is  mounted  on  the  front  of  an  iron- 
frame  recepta<  le  whic'i  contains  the  necessary  resistances.  The  number 
and  si/e  of  the  ( .n  uit  breakers  used  dejiends  on  the  size  and 
voltage  of  the  motor  which  is  to  be  operated. 

The  switches,  ten  in  number,  it  will  be  observed,  are  ranged  side 


Fig.  67».— WtstinuhouM  Mahipk  Switch  Motor  Stanor. 
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,,v  side  on  the  face  plate.    Tl.i.  nul.l..    tl>n„  to 
„,„.,lo.-ko.l,  like  the  levers  in  a  railway  Mgnalman  ^  .  ab  n         ■  . 
,nu>,,-iMe  to  rl.,M-  thnn  ,n  anv  but  tlie  rouect  ..nU.  au.l  ...u  1a 

AS  Ih  swteh  ha,  ,0  W  -1  .1  ,v  .  I....  .t.-rva,  ..f  tunc 

must    elapse    Ix-twe.n    the    ch)sins    <>t    -e.^.v   ur    -^a  i  .  .  ^  ■ 
r  .  ..rv  w,.h  the  u.ul  .hdinK  contaet.  Ihu,  ,.vu>«  the  .u.tuv  a  >  h.n 
of  ^elliuK  under  way.     There   are    the   usual    no-yolt  a.>d  ..^.■,l..ad 
^,eS:  :Sls,  energised  and  a,„n.  ,u  the  u..al  .ay     hut,  e.... 
„„,v  one  of  each  for  the  whole  .t.u„r ; 
hreikers  arc  not  in.Uyidually  automat..-.     Ih-  n.i-v.n  n, 

^  ;::tit^  a  relLnee  .u  a  .e.arate  .hunt  circuit  ae,.ss  tl.  mau.s.  an.  a 
separate  discharge  path  is  provided  for  the  ^hunt 

ov.  load  relea>e  eod  is  only  provided  for  starter,  up  to  a  >at  u  . 

';l::tus  and  xso  a.  p.  Lloo  to  500  volts.    For  ^^^r..^;^  ■  - 
load  relea.se  is  required,  U  .s  prov.ded  by  a  -y-^^  .      ^  but  e,«. 
release  circuit  breaker  mounted  on  the  face  plate  of  th.  Marti r,  Dur 
neeted  in  the  opposite  Une  to  the  starter. 

Pnn  Proof  Starters,  -riure  is  .me  contingency  for  whuh  th.  ab..%. 

as  rr7/..<«v  as  possible,  and  U>u'.\.\s  h'M.    t  .a.. 

,,,...4  it  s/„./v  a..d  7^^- t ;:  i  .;:!  aithou... 
u  ov^h'd"';:;?  ;r~i ti.  no-v.jta.; 
t,::::^^  sh^i-creuhu.  w„i  1.  of  x^-.r^^^riis 

over  by  the  op.-rator.   The  ' 'I"';  ;  ^^^t .  .,11 -h^^^ 

,lisastr..us  to  the  motor,  and  were  uitended  to  he  ku....ImI  a„a 

fore  happen.  ,    ,       ,  ,\r  mm-  oi  "  circuit  hnala-rs" 

Such  stupidity  can  1h.  ma.le  hav.nl.      a  ,  '      un.l.'vlyi"K  such 

in  th.-  main  .  in  uit  or  the  armature  .  n.  u.t     llu  pu  v  >1       "  ^ 
.  f...dtointhepr^^^^^ 

.„  position  against  the  ac.mn                        ^  iii; 

kind.,fatr>...rarran...n,.ut.    1    .u^u^or^^^^^^  current  passes,  tt 

magnet  is  then  arraUK.'.l  >o  that   slien    "  ;  .  ,„  „p^rato  and 

knocks  of^  the  control,  alL.wm,  "'Y'-'-;;!'"  ^  ,    .  urrent  is  thus 
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Tho  installation  oC  rxpcnsivo  ciiruit  bn-akm  is.  howrvcr,  to  bo  dcprr- 
rat.  (1  i(  llio  end  can  Ix'  Uitaincd  in  less  exfH-nsive  and  more  (lirtct  ways,  aiul 
tliiie  arc  now  obtaiiiahtr  various  forms  of  starters  desipncd  to  be  "  fool- 
proof"  or  snch  that  thev  make  no  (U  inaiids  on  tli.'  iiitillii;.  iui'  or  .  v.  n  on 
the  mt  .nory  of  tlie  user.  Those  can  be  grouped  com.  ni(  ntly  ac  oordm- 
to  the  chief  device  relied  upon. 

Slow-Motion  luicc-l'lMc  ^l.irUrs.  It  is  ohvi..us  tliat  in  the  starters 
already  described,  whidi  all  depend  upon  Iho  movoniont  of  a  radnis  arm  or 
lever,  the  object  sought  will  l)e  attained  if  tlio  nuoh,ini>  al  construction  i> 
such  that  this  arm  can  -uK  '    n-.  x  ,  ,1  (iniio  -lowly.  This  can  be  accomphshod. 

first,  byenclosint; 
the  arm  itself  in 
a  locked  c,i>o. 
and,  secondly,  by 
iiupar'ing  mo- 
tion to  it  by 
moans  of  a  worm 
w  heel  and  geared 
pinion,  or  seg- 
mont  of  a  iiiuimi. 
or  by  some  oilior 
mechanical  de- 
vice which  en- 
sures that  the 
arm  can  only 
moved  slowly. 
The  ratio  be- 
tween the  rate 
of  movement  of 
two  axles  geared 
with  worm  and 

pinion  can  he  made  as  reasonably  groat  as  may  1)C  deemo  '  necessary. 

The  device  of  a  worm  gearing  into  a  toothed  wheel  to  obtain  the  do-ircd 
slow  motion  is  illu-ti atoi",  vory  distinctly  in  Fig.  673,  which  shows  a  stan- 
dard starter  manufactuio.l  by  Mo-ms.  Brook,  Hirst  and  Co.,  Ltd..  and 
similar  to  the  one  described  on  p  li^o  hdr  (v.v  Tig.  bhh).  The  details  of  the 
slow  indtion  are  so  clearly  shown  that  further  description  is  scarcely  neces- 
sary.  The  general  plan  of  the  starter  will  be  understood  from  what  has 
already  Ix'on  said,  but  the  dot.iils  of  tho  overload  loloa-o  solenoid,  and  of 
the  no-volt  release  magnet,  should  be  noted,  and  also  that  tlie  rubi)ing 
contact  for  the  segments  of  the  resistance  studs  carries  the  current  by 
a  bridge  piece  in  the  le%-cr  directly  over  to  a  sjwcial  contact  surface  at  the 
centre,  tlius  avoiding  any  iiow  of  cuncnl  thiuugli  axles  or  loose  contact 


i-  i 


;.-  Huxik,  Hir^l  &  Co.'.  Slon -MuliDii  Sl..ilr'. 
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jnints.  This  device  is  u>cd  by  other  niaimfiu  tunis  (o  r.  sec  Fir.  675)- 
It  should  further  he  noted  that  tlic  door  of  the  Ix.x  i-  left  iinitf  ele.ir. 

A  dillerent  iikm  haiu.  .il  ,i!i.inL;riin-iit  for  ol>t,imiii-  tin-  -low  motion  is 
shown  worked  out  in  l  i^-.  (>74  and  175.  win.  li  j;ivr  two  vi.  w-,  one 
with  the  case  open  and  the  other  with  the  case  eloM-d.  of  :i  -tandard 
"  motor -control  pill.ir,"  :i-  iii.id.'  by  the  liriti-h  \Ve-tint;hou>e 
Electric  and  M.imifa.t\inii:i  (diuiiatiy.  In  the  lower  part  of 
the  case  (I'lg.  675)  there  is  moinilc  1  oiu-  of  tlir  >t.md.iid  sti'i'  liy  -trj- 
starters    of    the    face-plate   type    made    by    tlic    company,  and 


Fig.  674.-Clo»e  I 

Westinjhous*  Mo«  t  Siri-'  y-Sicp  S.-irvn.;  I'anH. 

above  it  the  mam  switch  and  fu-e^.    An  ammeter  P'^'^"!/" 
op  of  the  p.il  .r  to  measnre  the  current  being  used.    W ha  however 
we  arc  mo~   cotw,,,..!  w..h.  a,  .l.  -nom-nt.  is  the  segment  d  p.ece  o 
Tnotdu-d  or  toothed  wheel,  shown  ...ou.Ued  on  the  back  of  the  d...r 
in  FiL'  (.7^    This  is  to  be  operated  by  a  single  to.,th  n>o„„t.  ,l  on  the  axk 

S  the  h    die   u,  1  .^'.74     Kven  if  this  handle  Ije  turned  .pme 

ran  d  y  t  will  bo  obv.on-  ,1m,  ,l,e  -.  .-cental  wlu-el  can  only  be  movxd  by 
r  ti;th  It  a  timef..  ea.h  ,evo,„„on,„  the  han.,.- 

.lo.od.  the  hub  of  the  wheel  dutche.  on  t..  the  hub  of  tlu  tad ms-arm  or 
the  starter,  which  w.U  th.Tcfore  l)e  .nove.l  step  by  step  at  a  rate  dep  ud. 
1'^  upon  the  velocity  of  rotation  of  the  handle,  thus  guing  the  motor  tune 
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to  start  up  whil>f  tl^p  finRors  of  the  switch  are  travcrsin-  tho  rontMrfs  ot 
Ihr  f.icc  i-latc.  III  otlicr  rcsix'cts,  the  operation  of  the  starter  is  similai 
to  th(.>o  <l.s(rilH(l  above.  The  door  (Imr.  674)  is  usually  secured  wtl 
swinf,'  IxJts  an.l  wiii^:  nni-,  but  .  mx  be  tiil(  .1  willi  1...  k  .-mil  kov  if  .Ice 
nwssary.  The  main  switch  opciatiiiK  handle  can  U'  ^'•.■ll  on  tiic  n 
hand  side  of  the  pillar  in  I-if;.  674-  The  small  handle  in  tli.  middle  ,., 
the  fiont  .-vei-  ojH  rates  Hie  ratchet  seen  in  Fig.  675,  and  enables  the 
staner  to  b.  I<.<  ke<l  on  anv  seKineiit  whilst  the  handle  is  U  iiiR  operated. 
The  ratchet  «  .  a-es  to  hold  when  the  electro-magnetic  clutch  operates  m  thc^ 
"full  on  "  jiosition. 

Frr:  -ll,iii,llr  /),•;  /><";.— Another  methfxl  for  guarding  against  the  possible 
stupidity  of  some  of  the  operators  of  motor  starters  is  the  use  <.f  a  free 
handle.  "  The  principU'  is  that  tlie  moving  k  ver  is  in  two  parts  temporarily 
clutched  together,  one  only  of  which  is  controlled  by  the  operator.  The 
cluK  hing  is  so  d<  visrd  tliat  if  the  jiosition  guarded  against  is  in  danger 
of  being  set  up,  the  dutch  will  be  rdcased  and  the  independent  lever  by  its 
motion  will  relieve  the  situation. 

I  he  principle  will  be  Ijest  undeisto<xl  by  a  concrete  example,  and  for 
this  imrpose  wc  cannot  do  better  than  descrilie  the  "  free-handle  motor 
starter"  of  Mes-rs.  l-errauti.  Ltd..  sliown  in  Fit:,  t.jt).  The  figure  slums 
the  two  portions  of  the  handle  lever  separated,  the  part  under  the  control 
of  the  operator  b«<ing  at  the  limiting  "on"  position,  and  the  part  inde- 
pnidriit  of  his  (  ..iitrol  at  the  limiting  "  off  "  position.  It  is  this  latter  part 
which  is  the  real  contact  lever.  In  addition  to  the  whole  lever  being  si)lit. 
the  no-volt  coil  is  carried  on  a  bracket  on  the  ..iHiator's  section  in-^tead 
of  beini,'  lixe.l  to  the  face  i^late  in  its  usual  position.  W  hen  the  two  lever> 
are  Kmther  in  the  starting  position,  the  free  lever  is  clutched  mechanic- 
ally  on  to  the  oix?rators'  lexer,  until  the  combined  levers  are  moved  sntfi- 
cicntly  forward  for  contact  to  be  made  with  the  lu>t  resistance  stud.  As 

soon  as  current  flows,  the  coil  on  the  opra- 
tor'>  lever  is  eiiert,'i<ed,  the  mechanical  clutch 
is  thrown  out.  .iiid  lor  the  rest  of  the  move- 
ment the  liee  lever  is  clutciied  onl\-  by  1  he 
magnetism  of  the  no- volt  magnet.  In  the 
event  of  the  current  becoming  excessive,  the 
overload  mamirt  ads  in  the  u>ual  wav,  the 
no-volt  coil  lo>es  its  current,  and  the  free  lever 
is  immediately  released,  and  flies  back  to  the 
"  off  "  position,  thii-  cuttini;  the  motor  out  of 

Hg.  6,«.-F.r„n,i  Kr«-H:u,al.       cirCUit.      WlieU   lH   the  "  luU-OU  "  poMtioU,  tllC 

Molur stotf r.  operator's  lever  is  held  by  a  niedianiral  catch, 

the  free-lever  being  still  clutched  to  it  by  the  no-volt  magnet.  Ihe  switch 
ib,  theieiore,  ready  to  act  lu  the  usual  way,  and  can  be  left  to  itself. 
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fig.  6n  — "  DinkMD*  Sunw. 


Dii^h-Pdl  Rrtdrditioii.    The  prini  ijilr  of  t!ic  (l.i-li  ]xil  li.i-  .il-i>  ."i  " 

ploycd  to  obtain  the  lU'ci's^aiy  i-afi'KU.inl  aL;ani-t  tlic  iihi>-\ lu  lasiiT'  ot  tin' 

operator  and  to  ensure  that  the  q\iirkin'^>  i>( 

the  oiH  iation  shall  Ik-  lioyond  his  i-ontml.  In 

tiii>  fonnei'f ion  a  brief  n  ferenee  may  bo  made 

to  the  so  called  "Direktmi"  ~taiter,  manufac- 
tured by  Engineering  Instruments,  Ltd.,  of 

DarlinRton.  and  illustrated  in  FiR.  677.  Ihe 

•-tarter  is  aKo  interestiiiL;  frou'  the  fact  1lia» 

the  sliding  contacts  for  the  section--  of  tin-  rt - 

sistance,  as  seen  at  the  right-hand  side  of  the 

()]X'ratinf,'  handle,  are  arranged  vertically  in  a 

straight  line.    The  oiK'rator's  instructions  are 

simplicity  itself,  nanu  ly  to  "  cK)>e  the  switi  li  " 
and  press  it  home.    In  doing  so,  he  compre.^es 
-L'  which  in  its  recoil  works  af^nst  the 
1  thiiil  ,la-h-pot.     The  i>iston  ran 
th,  ,  aly  give  way  slowly  to  the  prcs-ure 

of  the  spring,  and  in  doing  so  carries  with  it 
the  sliding  contacts  which  step  by  step  remove 
the  resistawe  from  the  armature  circuit.  Tlie  no-volt  coil  faces  the  .ln>ed 
jaws  of  the  switch,  and  the  overloa.l  solenoid  n  .ulv  I0  short-eiremt  the 
two  contacts  above  it  can  Ix-  seen  at  the  side.  B..th  the>e  are  m  circmt 
from  the  moment  of  closing  the  switch,  and  will  therefore  oiH-ratc  if  an>-- 
thint,'  wiuni;  ^hnuM  hapivn  whilst  the  resistances  are  bcmg  removed.  I'or 
instance,  if  the  da;,h-pot  were  not  retarding  the  movement  of  the  wpers 
sufficiently,  the  overload  coil  would  act  and  the  switch  tlv  opm  mile-.-, 
perchance,  the  operator  was  still  firmly  holding  it  on.  a  not  unlik.ls  .u- 
cumstancc  The  t.  rminals  L,  F  and  A  arc  connected  to  hne,  field-ma^tu  t 
coil,  and  arinat^ne  re^iuctix dy.  the  other  line  being  taken  direct  to  the 
other  armature  brush  as  in  Fig.  664. 

Automatic  Starters.— The  apparatus  <o  far  deM-,i!..  d,  nuluiihM.ni.  - 
ing  its  automatic  safety  devi.cs,  n'<iuires  that  the  oixratoi  shall  Inn.-el 
.Krsonally  attend  to  the  oiH  r.itin^'  handle  of  the  .tarter  or  contr.>l!er  and 
this  not  only  introduces  the  personal  clement,  the  i.h.>-vnM..-u-  of  nUh.  I. 
are  .t^uarded  against  in  "  fool-proof "  apparatus,  but  al-o  re-iuue-  the 
operator  to  be  present  at  a  partiMi!,ir  pl.e  e  to  ^lerform  the  o|x«ration. 

This  last  requirement  may  leu!  to  incnvenicnce.  an<l  in  some  cases 
to  an  increased  cost  of  operation  when  compared  with  an  anaiige- 
ment  in  which  the  st  irters  and  controllers  .  an  all  U-  oin  rated 
electricdlv  from  a  ce  ral  point,  as  are  the  ^wit-l,.-  in  the  case  of 
remote-control  boards,  descnlxd  at  pages  S-};  to  5'7-  I*  obvious 
tliat  the  same  method  can  be  apiilied  to  the  apparatus  now  under 
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consi*rat!on  if  only  the  dHails  Ix-  worked  out  with  suffiriont  ^^^^ 
and  .  l,-.  tri.  .d  skill,  and  with  a  full  knuwle.lge  of  the  condition.  "  -'^  - 
Tlu-  i-rol-km  is  to  devise  apparatus  on  an  enRtncenng  scale,  using  he  pr  n- 
cipU.  of  the  rdav,  inv  n..!  l-v  \Vh..:.tstone,  and  w  urh  is  descrilx-d  .  p. 

of  Vol  I.  The  aut.iiuatic  oil  switches  descril>ed  on  pat^t.  5<-7 
to  574  are  an  illustration  of  the  engineering  application  of  th<.  pr.nnpU  . 


A'v.rv  compute  sv>t.  .n  of  Mu  h  remote  control  for  the  starting,  stop- 
ping, spechng,  and  revcr.inK  of  dcctnc  motors  been  worked  out  by 
L  exp«ienced  engineers  of  the  British  Thomson-Houston  CompanN  Ud.. 
ine  expenciw^u  eg  _^  description  of  some 

of  the  apparatus  used  will 
enable  the  reader  to  grasp 
the  main  conditions  of  the 
problems  solved. 

The  non-reversing  start- 
ing rheostat  of  this  system, 
applicable    to  continuous 
current  motors  up   lo  15 
B.  H.  P..  is  shown  lu  Fig.  678. 
The  relay  part  of  the  appa- 
ratus is  known  as  a  "  con- 
tactor," aii<l  is  mounted  on 
the  right  hand  side  of  the 
face  plate.    It  is  a  relay, 
t      line  or  primary  circuit 
L 1    liich  can  be  closed  at  any 
coK.  anient  pt^nt,  causing  a 
comparatively  small  current 
to  flow  through  the  solenoid, 
which  can  Ix'  clearly  dis- 
tinguished  in  the  figure. 
When  the  "  line  "circuit  is 
closed  this  solenoid  exerts 
a  powerful  pull  on  the  .uin 
of  the  main  switch,  which  it  closes  against  the  action  of  strong  "  pull- 
off  "  springs.    A  small  buffer  sining,  seen  below  at  the  side  ami  acting 
through  a  Unk  motion,   mitigates   the  shock  of  the  final  impact  of 
the  contacts.     The  main  rircuit  being  thus  closed,  a   >liiuit  n'rent 
flows  through   the  coils  of  the  long  ironclad  solenoid  on  the  midaie 
of  the  ho.ud,  wliich  acts  as  a  long  pull  electro-magnet.    Its  plunger 
is  linked  on  to  tiie  lever  arm  (jf  a  face-plate  starter,  and  bv  the 
motion  of  the  plungi  r  the  arm  is  made  to  traverse  slowly  the  various 
contacts  of  the  starter,  producing  the  usual  results.   The  action  is  slow, 
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1  hi-  I, 111'  .it   wllli  l» 
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firstly,  because  the  pull  of  tlu-  pUinm'i  <  <>uiit. nrleil  to  ~uiiii  «'xti  iit  l>y 
the  coiled  spring,  and  serondiv  hx-rau'*  <>(  tlu-  .ution  <>(  fli»'  d.»^h-|n>t, 

the  piston  of  wliiiii     liciiii;  im-lii'il  .i^.iiti-t  tltii' 

vvliicli  is  -ccn  connoctcil  to  tlic  ftiil  nl  tlif  ^t.ittii  .inn 
the  movi'iiu-nt  of  the  arm  is  allipwdl  to  take  plan'  >  .m  1" 
beforeliaad,  the  usual  period  in  this  pattern  for  tlu 
operation  h«'inc 
filtt'i'ii  -<ii>nil~ 
from  the  ilosmn 
of  the  "line" 
circuit . 

\V  lien    t  li  e 
contactor  is 
closed,  since  the 
current    in  the 
solciiiiiil   i>  not 
retained,    it  i> 
held  closed  by  a 
merluinical  trif;- 
giT  lU-vice.  wliich 
can  be  tiipiHil 
by  an  overload 
current.    In  this 
and  .iNo  in  tlu" 
"  no-volt  "  caN' 
the  solenoid 
losi'>  its  current 
and   the  spniii,' 
brinf;s  the  starter 
arm  to  the  "  off " 
position.  The 
ai't  ii  111  ot  till-  I'Dii- 
tactor  as  a  cir- 
cuit -  breaker  is 

•  Hiirk  an.l  positive,  and  it  is  fitted  With  a  powerliil  iiia.;;iu  ti<  hluu-oiit  (nv 
paj;i' f.f..S).  it  .  aiopiii  the  circuit  on  heavy  overloads  wit  In -lit  aj.prei  lal.le 
araiiL;..,-  hiMn,i;  ■■l  liie  ■  nnt.i.  t-.  1  he  n\  hole  of  t  lie  apiMraUi- 1-  -o  il.-iL'iie,!  ,»s 
toenablercplaccnient>ot\voriionlaina,L;edp.irt-.tolH'iiia.l.  .pii.  klv.iii.leaHlv. 

It  is  ob\-ious  that  in  its  turn  the  closing  of  the  "  hue  "  ni.uit  >  .m  U- 
aulomatieallv  etie.  te.l  l-v  ll-at-.  pie-Miie  .yovenn.rs,  or  other  iiie- liani.  al 
deviies  suitable  for  p.iitKiilar  coiiditiun^  ot  Mrvi.e.  and  also  that  this 
Closing  can  be  made  at  various  p)iiit~  Im  one  and  the  sanie  motor  pro- 
vided proper  safety  devices  are  inr^talled. 
95 
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in  V\\i.  (>7y. 
cuits"  ol  the 
as  explained 
lays"  on  an 


ContiUtvr  Coutrol.  For  nu.toi-  Lir^cr  than  15  n.  11.  P.  tlio  slidinR  con- 
tacts ..f  tl.0  iace.piate  starter  of  l-ig.         are  thein>el\vs  uplacod  by  a 

scrier*  of  conta<  tors  o])orati(l  l>v 
a  master  controller.  Tl»c  neces- 
sary .it  actors  are  mounted  or 
a  eonviniently  arr.m^;^'ll  panel 
anil  such  a  panel  for  tho  ojh  ratum 
uf  a  reversible  haulage  motor  o( 

JOO  B.  H.  P.  at    SO"  vr!t-  is  -llOWIl 

Till'     lin'"  cir- 
<<)ntactor>  which, 
alwve.  are    "  re- 
engineering  scale, 
are  operated  l>y  a  nia-i<T  con 
troller,  which  can.  of  course,  \«- 
placed  in  any  convenient  jjosition 
at  any  di^tanrc  from  the  panel,  but 
the  latter,   for  obvious  reasons, 
should  be  placed  close  to  the 
motor. 

A  diagram  of  the  connections, 

contactor-,  .ind  master  contnillci 
contacts,  but  without  the  revers- 
ing circuits,  is  given  in  Fig.  b8o. 
and  one  of  the  contactors  is  shown 
separately  and  on  an  enlarged 
scale  in  Fig.  681.  In  some  details, 
which  are  not  unimportant,  it 
differs  from  the  contactors  shown 
in  Fig.  67S ;  reference  will  be 
made  to  these  iu  due  course. 

The  first  operation  for  starting 
up  is  to  clo-e  the  three  single-pole 
switches  on  the  right-hand  upi>er 
panel  of  Fig.  679;  these  make 
the  panel  and  the  mastei  con- 
troller alive,  but  nothing  hapi)ens 
until  the  latter  is  ojjer.ited.  It 
will  be  noticed  that  the  closing  of 
these  switches  puts  the  main  — '* 
direct  on  to  the  motor,  wliich 
is  depicted  a;  a  series  motor,  and  also  on  to  a  return  lead  common  to  the 
operating  solenoids  of  all  the  contactors. 


"j=  2  a. 
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On  lurniiiR  the  nia-'t*  i  ii.iilrulU  r  to  tin-  tir>t  -tup  tlje  <.|ier.(ftiiK  ^«'l<  ii>>ul  of 
contactor  No.  I  rrrrivcs  rurrent  tfir<nif:li  the  tin>;«Ts  +  ami  i  of  th.'  lu.i-tiT 
n>iitroll(i  Ikiiii:  1mu1p<1  tliioiii^h  llii^  ii.itli  lif^lit  .i<rn-^  tin-  num-.  Ilie 
•oiitactor  cloH'^  it-  iii.iiti  <  in  iiit.  ami  j)a->«s  a  |><>wt  r  rum  nt  lu  tin  motor, 
this  current  traversing  the  whole  of  tin-  resistances  R  I  to  r  8  which  are  now 
ct>nnecfed  in  series  with  the  motor,  and  aiao  tfw  small  sol.  I-  nt 
coiitai  tor-i  J  to  7.  Simultaneoii-lv 
ani'llur  -oltiidiil  T  rtccivc-  a  -lniiif 
(iiiitiit  by  a  tiriuit  bridnid  arro-.-  tin- 
-|- ■  terminal  and  the  jxnnt  k  4  on 
till'  ii  i-.t,in(i'.  Tlii-  cMi.i  -iil.iii'i'l. 
wiiii  lj.  It  will  !«•  i:mti(  i  .1.  Is  ilcjiii  ted 
till    .ill    tlir   1  niitact'ir-    fXri'Jit    Nii.    >  1- 

the  "  f(M)l  -  proof  "  device  desinned  to 
counteract  too  rapid  a  moveiiMnf  of 
the  (  (intKilU'r  ■  ■  liiidi  r.  Tlie  extra 
solenoid  acts  as  a  ■  rt  t-uj> "  salety  relay. 
It  is  placed  over  the  two  contacts 
-ri'ii  uiiilcriu'atli  till"  loii'.irtnr  m  V\^. 
ti)<l.  :  lid  when  It-  i>liliiKet  i>  i.ii-ed  the 
disc  i)late  which  i-  carried  by  tlie  plun- 
(.;(■!  tluats  clear  c:  iliese  contacts.  When 
the  pliiiiyer  drdp-.  this  plate  short- 
circuits  tlie-e  COIlt.lCt-.      When   tlir  cull- 

tactor  is  ojx-n  the  pli':ii;cr  is  aUo 
held  m  the  open  position  by  a  nie- 
ili.iniial  dexiie.  but  as  soon  as  the 
contactor  is  i  lo-ed  this  is  fieed  and 
th.  i)lunger  is  u})held  against  gravity 
only  by  the  electro  -  magnetic  action 
of  the  solenoid.  When  the  current  in 
the  solenoid  falls  IhIow  .i  predeter- 
mined value  it  drops  and  short -l  ircuits  the  contacts  referred  to.  ( >ii  the 
first  closing  of  No.  I  contactor,  with  the  motor  standing  -  H.  there  is  a 
big  ru-h  of  current  through  the  rheostat  and  the  md  r.  le  phin'.^er  of 
T.  with  its  disc,  therefore  th)ats  above  the  contacts;  but  a-  the  i  luunt 
diminishes  with  the  speeding  up  of  the  motor  and  the  jModm  tion  .md 
increase  of  its  back  i;.  m.  f.  at  a  certain  stage  the  cunta<  ts  u  (l  ig-  bSo) 
at  closed  and  the  oiieratinK  coil  of  contactor  No.  2  receives  current,  pro 
vidrd  the  master  controller  has  been  moved  to  p'   ition  01  l  '\ond, 

and  this  contactor  closes,  cutting  out  the  section  k  i.  K  .:  ul  the  re-i-taiue. 
The  current  to  the  motor  then  momentarily  increase:^,  and  this  series 
cwrent  passes  through  some  of  the  coils  of  the  saftty  solenoid  of  No.  2, 
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hnHitiL.  UP  it.  plunder  until  tlw  m-.i..,      .      ..|.   MttM.  ntIv  f-r  tlu-  .  ur- 
p     "  .     II  u  V-w  .h.-  prch  termua-a  vuhu-  al  wiu.  I.  tlu-  ..  l-.v  plun.-r 
'n     .11      'in.,.l"  'l        the  .onta.-t.  .  short.-irouUe.l.  on 
current  to  .-ntartor  No.        In  th-  -n-  w..v  .......  tor.  N"^. 

r    -    m.l  8  receive  current  only  whon  the  ^ah  ty  „  lav  .U-v,.-.   f  th  pn 
UU^LJurr^  allows,  and  the  .n-ration  is  co„.pl...l  ^^^J^^'Z^ 

on  or   oi^ratiiH?  maK.ui  -f  No.  8  to  reoe.ve  rurren  "  J";^ 

the  n^ain  circiir  of  No.  s.  .  u.t.n.  out  the  la>t  o( 

,         tor  No.  8  is,  for  obvioun  rea^on>.  >wl  prov.-U-.l  «.th  th. 
„..„1  u.,1  plnn^er.    It  >h..uld  be  noted  that  the  load  current  does  not  pa^. 
til  all  tlu.  ..lils  of  the  safcv  ^..1-  noi.,  win,  h  is  to  act  •u;'^: 
will  tlH  ,,  tur.  ,lrop  »x.(orc  the  other  l.mn«ers  o.  tl..  ^olen-mU  m  crcu  t. 

In  F  K'  '>7-.  there  are  three  more  contactors  >h..wn  than  .n  tlu  .1,..,.  .n, 
Fi,/"..s..     Ih  M.  ,Mr..  .ui.ta.  t.,r.  are  to  make  th.  ■.•ee>,ary  con  a.  .  ■ 
jJer!;:    tile  nu.tor,  the  n.as.....  ..nt roller  hav.n,  a.M.tu>n3^  contac  .  for 

the  reversing  circuits.    With  tlu-  uuunuat...,,  .,hea.K  ..  .n  1-  ,  a.  .at 
.MO  it  iill  be  a  u^-ful  exercise  for  tlu-  student  to  ...  k  ou,  the. 
on.a.  tors  are  thrown  into  circuit  so  as  to  accontphsh  the  nuN  a  .    .  .. 

Soeed  Controller8.-The  app.ir.M^  ju^t  .lescnlx-.l  ha.  Uin  itm  iiv 
that   dSgS  fS    the  purposes  o.  >ta„in.  tlu-  nu.lors  w,th  added 
dev  ces^? enable  them,  whe'Tmce  st.ut.  ,!.       I.  left  runn.ng         ,  K 
nrot^ted  -i^iin^t  ...t.nn  ,  ontin^-mies  wiu.  h  may  quite  frequently  an>i. 
^    Now  and  a«^^^    n-tably  ...  1  .u^.  N.,  and  .,70.  the  apparatus  ,llustrate.l 
has^L^tSr  than  thei  req...u.,.,en..  a.ul  ha-  uu  ludM  t  .  an-,.  .  ..^ 

m-ressarv  fo.-  or  controU...^  the  six-e.l  oc  the  ..,ut.„  In    1m    .  t. 

I^ion  of  .v>.~.,nu.  ...to  or  its  removal  from  the  drc.t  ol  the  M  uM 

all      rhe  theorv  of  th.s  metho,i  o,  M>...d  .  oaf 1.,--  Uvn  f.Uly  d.scus>c.d 

he  last  section  {sec  pages  048  to  .,53).    I  -        '  -^"^    ^  / 

"u     moto...  the  :.ar.ing  resistances,  which  are  pi.,.  M  m  w.h 
arm..-.u.   ,..v  !«■  -.-1  f''-'  'lu-  purpose  ol  comroll„.K  a..l  vary.t.g  tlu- 
^  :    ,h..,..h  .a  ..u.t  of  the  apparatu.  de.cr.hed  these  re^'>  ^nces  are 
so  ..rran^'ed  that  wlu-n  the  motor      tuHv  ^tart.-a  th.  v  au-    .t    ■  .lun  t - 
,  ,..  ,,,...1.0  .  -Uinlv  -w.t.l,e.l  out  of  circmt.    Moreover,  a  .aetl.o.l  of  spe.d 
,1...  h  u..-  .v.Ma.,. traversed  hv  heavy  currents  ts.  as  has  been 
ihown  elsewhere.  unecono,u..al.    l.-.v,,,.  ..vu..  .n.-t...  h.--     to  th 
chapter  on  traction,  most  of  the  general  ty,..  of  appa....u.  .1.  -  ..bed  for 

M.p  .lv.n,'  ,vM-tamv.  for  starting  can  be-  adapted  for  the  >uppK  ..1  ..--.-.^ 
•,^.1.  l„-  ,1„.  .hnu,  ...1.1  .  ...  ....  ..f  -l...,.t  ...otors,  and  it  w.ll  U-  conven.c.t 

to  refer  to  the-c  tviv.  in  ....u  l.  the  >....»■  ..r.ler  a^  it.  the  prev.ous  pages. 

F.cM-  rontrolUn.^  Foy  the  >ih...,1  .....tr.-l  ..f  shunt-w.M.,.,1  .....t.n. 

M,uv  tlu-  ...n.r.,1.  wnlnn  the  p..-Mhle  lumt>.  is  .....>t  co.,wn..caliy  obtamed 

by  alteri..g  the  exc.t.U.....  curr....  .n  the  field  magnet  cncu.t,  a  shdmg  con- 
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Mill-  .11x1.  bv  int  rca- 
(■     •.inic.  tin-  tuld 
.1    !i  M;;tiu-m'd  ami 
■  iihiiiii- iunl. 
!      -'miild  Iv  taken. 
!  1.    %  tin-  -.Lirtfi  .iivl 


fnrt  rti<  n~t,it.  wliirh  i-; . .iilv  tc<j>iirf<l  c  airv  ("umparativch-  small  rtitreitH 
and  whuh  tlirrt-loir  tii.iv  virv  c«>nvtiin:itlv  U'  <•(  the  f.i' i-i'latr  i« 
all  that  U  ncfi'H^arv.  In  niakini;  tip  pam-U  fur  mittur  v-tkmc.  ^iii  h  as  .ui* 
Hliistratpd  in  I  il;  i  it  i-  tin  irtun'  i|ni'''  >  u-i'^tMai  \  tn  i.M  ~u<  h  a  rlu  >M.»t 
to  tin"  fquipnn  nt  ■>!  thr  ]■  mt  l  .iml  .m  « A.uiipl"-  "t  tin-  h  i-  .ili>-  hIv  U  i  w  civon 
in  Fii.'.  f"*!*".  in  tlif  I'  ln.l  l.  -it^nvil  bv  Mi  s-r>.  Hnuik,  lln  t  ami  i  n  Tin- 
fcattin-  of  thr  paml  i-  ^hown  on  a  larf,iT  scale  in  l-in-  li<  ili,. 

startir  tlun-  will  U   iiotind  th.-  fixrd  rontacts  of  a  TlM->.-f:it  and  a  haml 
wlu'il  ti>r   niciMm;    tlir  i.idial    iini.  wtmli 
rarrie>  tho  sluliiifi  <  (intatt  m  \m|h  i  .     I  lii  • 
rheostat  i«  plarfd  'n  s«th's  with  the  h«ld- 
iiiaf;nft  rnil-  .i,r  ■': 
in^i  or  (hmini-hn  ,  >  i 
flux  can  U'  wt-ak  i  ' 
the  spee<l  incrcas*''  • 

One  obvious  pn 
and  that  is  so  to  mti 

the  speed  CftntrolUr  (i.)  tliat  the  -tartir 
can  only  be  oj)erated  when  no  part  of  thf 

rlic(>-tati<-  ri-i-laiKC  i-  tn  <irniil.  and  (ii.) 
that  the  rluo-tat  hand  wlu'tl  cannot 
moved  from  tin-  ztr..  jM.-iti'in  tli.' 
starter  a'm  is  "  full  on."  Sndi  an  inter- 
lock is  used  in  the  panel  referral  to,  an<l 
it  is  nidv  1a  an  etltctivc  drvi. .  c.t  tin-  kind 
that  the  dangerous  contiuKem  v  d  pniimL; 
full  voltage  on  to  the  armature  > m  uit  wlul-t 
the  111  Id  fins  i-  weak  can  b<-  avoided. 

Drum  or  (  \liiulric  ('(nilrolters.-  In  the 
example  f^iven  at>«iv<'  nt  the  face-plate  tN].- 
of  contrc)ller  the  -hunt  regulator  \sa>  a 
j.iecf  of  api  iratus  separate  from  the 
starter  and  v.orked  with  .i  -eparate  handle 
the   advantafies   ol  the   drum   or  cvlmdric 

that  it  is  possible  to  design  it  so  that  ihc  starter  and  the  .  .aitruUei  ue 
oiK'rafed  bv  tlie  same  handle.  An  .-xcellent  example  of  tins  moditication 
is  triven  in  bSj  and  OS;   «hi. li  illustrate  a  starter  and  controller 

designed  by  Messrs.  A.  Ueyr  .lie  ami  Co.,  Ltd.  bi^.  <.^',  a  -.n,).!.- 
example  of  the  apparatus,  consisting  of  the  switching  arrangements  with- 
out the  necessary  resistatices,  whilst  Fig.  684  shows  a  complete  outfit 
with  all  the  resistances,  .ir.u.t  breakers  and  other  apparafu-  nmtained 
within  the  casing.    In  l-.g.  th-    -tut-onary  l.imets  with  wln-h  tl« 

segments  on  the  rotating  barrel    .  s    contact  are  seen  attached,  with 
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Fii;.  f  cj.- A  Motor  Suntn*  P»ii«l  viA 
lattrkjclml  Spc«i  ConttutWr. 

or  levi  r.  It  is  one  oi 
type    of    multiple  switch 
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""■ :;  ,  v;i,i;l  ;.■  .1  ™  

.'i;,l:„  „;  '„  '  .lu-  «.n.r..n.T  b,m.|  i,  refea,,.  ..i  .....'^'^'■.■^, 

marke<l  -..iitii..^  p-Mtmn  .m.I  waiting  till  the 
motor  net.-  vvll  ^ta.t.■.l.  ilu-  n.tatio,,  of  the 
handle  is  then  contined.  nittim  out  the  startup 

,-,.,,-t  in.v  ~tr,.  I.v  -u-V  revolutum 
,1,..  hanul,.  »  ....Mlv  ,,Mnpl.'t.-d.  The  motor 
i.  th.M>  fullv  ^t..i.r,l.  hut  tl,.-  n.tat.on  inav 
-till  tx.  n.t.timu'.l;  Iml  now  the  >hunt  rf^ulator 
„„lv  w  oiHiat.vl.  roi-tanre  »)fing  theriby  mtn.- 
,lu,.a  into  tl,.'  -Imut  .iivuit  >lcp  by  step,  ani 

tho  motor  "P  ^" 

limits  available. 

Intlio  actual  apparatus  the  segmeuts  for  tlie 
starl.  r  a.v  mmuUed  ..n  the  middle  section  of  the 
rotatms  barrel,   and  ar.^  tl.uik.  d  on  either  s„lo 
l,v  the  resistances  RR  reqmred  for  starting  and 
,,..„l,,tini;.     The    contacts    for  reRulatmg  are 
,„„ui.te.l   in  a   h.Mi/..ulai  plane  ni«.n  the  tiat 
.lab  s  hiKher  up.  and  il.u^  m  then   metlwl  of 
arranu-ement  the  plan  of  a  face-plate  eontvulier 
fuliovved.    The  n,.-voltase  coil  N  and  the  over- 
,„ad  end  .>  aie  ,n  the  bottom  of  the  case  on 
the  rightd.an.l  Mde  m  the   mtatn,-  barrel,  and 
II,..  >„;.„.  ,  ,rr,ntd>reaker  M.  whu  h  is  tripled  by  N,  is  al~o 

in  ,|,e  lu.,„„„  .„  tl,.  , e  nn  the  other  side  of  the  barrel.    F  «s  circuit- 
breaker  can  also  1h-  t„,,ped  hv  p.e,^.,.  the  pnd,.l.utt,.n  P  and  it  w,l  he 
nuti.ed  th,.t  there  is  a  hole  />  in  the  cover  .Ukh-  to  enable  this  to  Ik  dou. 
,n  a  .  ....  .4  ..n,..,,en. V  without  ojx.nini;  the  controller.  There  is  further  a 

chaiiur-.,v,.i  sxMt.  h  ,  jn-t  un.'.er  th..  t..p  .  ..V..,  .  ,  i 

I,,  ..xplam  more  clearlv  tiie  d.tads  .,f  th,-  workm.^'.  liKs.  and 
giv..  ,,  pl.in  an.l  si.le  elevation  of  the  cast-iron  cover-plate  of  the  controller 
sh(AM!iU  ih..  .lea,  in^tru.ti.Mi-  whi.li  are  lettered  thereon. 

llK.  m.lK.Uor  ul  the  haii.l  wl„el  Ikmii^  in  the  podfon  marked  oil 
the  first  omM-ation  consists  in  mostnu  tl,..  hand  wh.  el  .pi,,  klv  ,n  ,.  .  I."  k 
wise  direction  to  the  p..sition  marked    'wait  here  until  motor  ^tall.. 


V\i.  68(.— «  krvr  ^lle  c.  C. 


Dm'hr-TvrK  Startfrs  axh  CnirTKor.Lr.K<; 


Tlii--  n|H'ration  iIumw-  thr  <  onm-i  ti(in~  iiitn  ili>'  i">-itiiin  >it  tlif  »"ir-t  "  Iivo 
stop  t>f  an  ur.liiury  (A  iiiulin  <.i  l.u  c-iil.tic  -t.iit.  r.     \\v  rr-i-t.i!f  •  ti'>w. 

ever,  for  rc.isim-<  to  K-  i;iven  latt-r  (mv  |ml;«-  <'Nj).  i-      li  lii  ii       '•'  '  "  '  " 

heated  with  the  current,  its  re>i>tan<e  <limini~li«  - ;  tin-,  liuw.wi.  i.\k'  - 
tune,  and  meanwhile  the  nwtor  is  siHrdinn  up.  Wlien  the  tuotor  i*  rnn- 
ninR  steadily,  though  slowly,  the  rotation  of  the  \\mv\  wI  .  ,  1  w  >  ..ntinne  I. 


au,t  Mu.e.Mve  ro-i-tan.e.  are  cut  out  until  the  p.Mtio,,  •  lull  -.n  "  is 
PM,  lieil  l.nt  it  will  ho  notir.-d  that  owinj?  to  the  initial  -  liatiLie  r.-i-t- 
an.e  on  the  lu-t  ^t..,,,  fl,,,t  -t,.p  1.:.-  a.t.,l  a-  ,i  luult.,!.    -t..|..     V  the 

position  marked  "  full  on  "  the  motor  will  run  a.  .  onlnu  i-  tl  '  l''^""- 

of  loa.l  at  the  ^juvd  rorre>-p<.ndini:  to  the  full  excitation  ol  il,.    I,i.n!  !>■  A. 
If  it  W  requ"ed  to  .|H.-.l.up  liinli.T,  til--  !...  u...n  ul  tl„.  1,  ,ti.l        '  \  '  .0 
continued,  but  it  will       iioti.  e,i  ttut  tlin.-  is  a  piuj,  ,  iin^  M,,p  i 
686)  at  tlje  "full  on"  iH.,itiun.  and  if  the  rotation  be  contintted.  the 
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•'  MartiT  "  p.iit  c,|  til.'  ii.irr.  l  n  iiiains  -tatic.narv.  am!  at  the  t nrnmenrerro-nt 
of  fh.'  .■..ntinu.-.!  n.-.t,,,,,  il„  ,  -nw,  h  .  (Fii:  <'>'A)  i-  thinxvn  .>v.  r. 

Till-  i>frman.-ntlv-h<.il-.ii(iiit-.  thf  Mai  linn  km-i.uu  f  (ali.'a<l\  i  ut  out)  and 
its  ]i-.i<\<.  an.l  pla.  rs  th.'  n-tiulatttiK  rh.-o-tat  s  in  x-ries  in  tlw  shunt  circuit 
with  liil'l  "'il-  ;  at  tin-  -anu'  tinir  the  contact  arm  s  commences  to 
move  vv.ih  the  \Nhe.i.  111.'  r.  Milt  w  ili.it  leM-lan.e  is  intro.luce.l  into  the 
liehl-macnet  eip-uit  step  l;V  -u  \>.  iln  i'  Ix  iiil;  Mwnt.eii  -tep-.  iii  all. 

II  ,!mnm  tlie  rotation  of  tlie  hand  wlieel.  the  circuit  l)reaker  is  tnpiH'd 
throii^;h  the  di.r,  t  action  of  N,  o  or  P.  the  hand  wheel  will  have  to  be 

.illowed  to  go  back 

^   ::~r~rrrr.  -^^-  — "     '  l^'""'" 

' ' tion  bc"fore  a  fre-li 

start  can  be  made. 
Then  the  first  mo- 
ticiii  of  the  liaiid 
w  lie  el  from  t  he 
"off"  position 
cl<  i-e-  t  he  circuit- 
lueaker. 

Ihe  15lltl^h 

Thomson  -  Houston 
cylindric  controller 
ha-  aln  a<l\'  l»  i  n  il- 
lustrated in  lig. 
670.  The  contact 
tiiii.;i  rs  tor  the  shunt 
lenulatniK  re-i>t- 
ances  can  W  >een 
on  each  side,  at 
however,  are 

colli- 


Fig.  6«5.— I'ian. 

  K>>n_._.                                                     '*  ** 

,  ... 

-   -  — 

Fig.  680. -bilk  Klo.iii'Jn. 
Cover-Plal«  of  Ihe  ReyroOt  Surttr  and  C«i«roll«. 

on  the  nt^ht  .md  left  to  the  nunilMT  of  t\v(  he 
the  upptr  part  of  ;lie  eiicl"-iiie.  The  niovinj;  -e^nicnts. 
different  from  tln>se  hitherto  illu-trated.  ina-inuch  a>  they  aic  all 
pn>ed  on  two  ^M.rtions  of  a  cyclindric  surface,  one  of  which,  s.  sliow>  white 
in  tioiit  ,ind  th.-  other  can  be  seen  behind.  The  sloping  e.lfies  of  these 
seuiiu  iil-  ale  M(  pj..'.!  in  a  kind  of  .r/cV-'J  tonn.ii-on.  -o  that.  I'T  iuMaii.  r, 
if  'he  haliille  W  rotated  clockwi>e.  the  -iio  es^ive  -leps  of  .•■  will  re.u  li  tli.' 
linRers  on  the  right  surcessivi-l\-.  commencing  with  the  top  finger.  an<l  pro- 
cc. Iiim  T-clnlv  downw.inl-  .ii  wiv  -hurt  .in.unlar  interval-  in  the  move- 
iiient  ol  the  han.lle.  111.'  lui  k  -.  fluent  1-  -inul.irlv  iiiakini;  Kiiitact  with  the 
riKht-hand  hn>.;ers.  but  so  that  its  conta>t-  ai.  nitt  i  iik  diaie  lietwem  iho-c 
of  s.  Ill  thi-  wav.  with  the  contacts  available.  110  fewer  than  twenty-tliicc 
running  po-ition-  are  obtained,  and  as  there  are  four  others  on  the  starting 
COtltact>.  aitt.gclher  this  vlail.i  ..iid  lonlnulcr  ijui  -  l\unt\-i  \rn  luiiiiiim 
positions  at  dittert  nt  sijeeda.     Ihe  segiiienls  reteriei"  ,0  above  ate  so  i)laced 


en  ihi'  li.irnl  ili.it  ii"  .i.Miti.'n.il  i.'M-t,i!i<c  i-  iiurodiivcl  mto  tli-  luhl 
■  nvuii  until  til'      lull  "11  h  i-  1..-.  H  i.-.i-  h.-.l  witli  111-'  -t.uttT 

I  til. 11   ilf   tllf   1  ullIli'lll  T. 

Reslstancas  for  Starters  and  Controllers.  -l'>  'H  -'"'j'"? 

aii.l  coiitroHin!;  .l.viccs  .U-.rih.Hl  in  tlii«  Mrtion,  tho  n...~~.iiv  ...iiti..l  w 
, ,1.1.11111.1  In-  iiHii.;  .1  i.-i-t  .■,„,   ulii,  1,  1-  n  .|inn.\  to  ..l-'il-  .•ii.ti;v.  Dip 
|..iiti.ular  tvjH'  m  n.M.iti..  u~..l  h  ..l.M..u~h  ui  -n..;  imiort.ni..  ..i..l 
most  of  tho  start.Ts  an.\  .  ut,tinll,  i-  .1.-,.  nlxa  m.  t.ilh.   v.  -i 

|.,rm  or  .iiiotli.  r  .ir.'  rmplov.-.l.    0^^  pap-s  iS;  to  l^.S  -'in.  \s\  1  lonus 

„l  MM.iti.  iiM  .1  lov  tin- 1!.  l.\  .  (Mitrol  ..I  .  .  1  .  .K  tianio-;  luiv  W<  n  .l.-.  nN-.J. 
anil  tluM.  arr,  ot  .-out--,  av.ulal.l.  1..,  inH,,,  ,ont...l  inoMil.-l  tlirv  an- 
,UMfiiu-a  to  larry  thr  .urr.nts  an.l  al.^o,!,.  uitlioui  ,lit,m,M,t  tin  .n.iL'V 
to  he  han.lh-.l.  In  stv.ral  of  tlx-  illustration.  |n~i  ^mn  -  tl„  ,  loiu.-  .'I 
HMMan-v  .l.ailv  ,l,~..n„l.l.  ..ml  -liouM  W  .auluUv  .Aaiiuii- .1. 
The  m.  tallu-  r.Mstam  ■  ^  ,li  .,i,li,.l  .u  (m,.  v.'-  "I"  " 

™h  of  wire,  of  wires  Imri.-.l  m  .  .  im  nt  or  an  inMilatn,^'  .oinpom,.!  .ma 
,;,„„nt.  ,l  on  plat,  -  or  tubes  an.l.  U.r  the  heaviest  wo.k.  ot  >u.  tall.,  uinls 
snilat.lv  n.ount.a.    (.ri.ls  of  otlier  tv,^-  have  al<o  U-.n  .levise. 

lu.avv  work  tluse  btroin-  -  xp-  n-.v-  ni  n,.i,.  r.,.l  t.,    ,1...    tl  st  ot  vv  1, .  h 

thev"  are  sometimes  worke.l  at  a  .1....K, n-usly  high  t.  mp- lature  Olt.n 
sol.lere.l  joints  are  v.se.l,  which  inav  I.  a.l  to  interruptu.ns  when  the  tenip  ia- 
ture  rises     slM.rt  .ii.  uits  iii.nu-ions  inav  also  m-rwr.  .    ^    ,  , 

To  obviate  some  ol   these   .lllti.  llltl-s  Mess,.,   Ferrantt.  T.t,l..  liav. 
developed  for  motor  .tatters  a  pattern  ..1  i-M-taiu.  m    h..h  tl,. 

;;r  or  t:^':M^!.^■:a-^">^' ..n.,v.  i ..... .,naii,,ty 

::..s,arvto  InnKl  up  the  n.pnred  le-i-tan.-s.  - '-l--'''-'-';' 
It  ,s  also  unfusible  and  unbreakable,  and  has  a  lim'h  thermal  •  .1  -  .  v      .  'U 
vs.,r,K  r. -in-.i,  - ..  l...KeMH.'"t.tvol  l.i  attorawMts  temiH-r^^^^ 
I     ,L  I--.-  rant.  re-i~t,.,..v  the  material  is  contained  m  a  reetan^nlar 

nbl   1  tr  n.  M^^^^^^^        -U'  .'t  -  -  "v  -  .......elU  .1.    1  h.^  -  i-n. .ith 

rt  x^U  ,1  tomhtist.  material  and  tilled  .itli  .he  po.dei-  .!  ^  -ph-te^ 
r ontact  plates   .0   (orn,   ele.tr.nles  of  the  ^h^n-  shown  m  H,.  ..**7 

Z-  rrr>.Kks  ..t  ,lu  trough  .m   ,..).l..l  an.l  .em.t.f.l    -  evliide 

.  ;        ss„.e  W.«  k.  are  inserted,  an.l  .he  v  hoU-  .  ...wed  up  .1,  .  tm 
l',,t    pre-sur.,     11.    ....1-   ol    ,h.-  pl.i.e  .i...ro.les   pr..,e.  I    an.l  l.au 
:;;,:Jd  .o  ,1.....  u.,hout   .oM,,    ,h.   l..elm.  wn-..ss..n  m 
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(Fi-    ')^t)       (It'-iKnod  upon  similar  liiu>.  the  iMstame  material  being 
pttw.li        t;iai>liitc  vvitli  nu-tal-plat(»  i-It  rtrtwlrs  at  -uitahlf  intervah.  It 
will  be  remembered  tiiai      ilic  m-t  -top  of  tlii-  -t.iit<  r  ailv.mt.mc  i-  t.ik.  n 
of  the  nt'sativo  tiMiijx'i  atiirc  ( iK'rtirii'iit  <if  carlMin. 
^     the  instruction  beiny  t"  keep  the  starter  on  tiii^ 
-top  fill  quite  a  time  with  the  intention  of  allowinfj 
til"'  ■  ailniii  r.  ~i-tar.<  !•  tn  Ix'cume  --utlirientlv  heated 
f.M    the  \a!'ii'  cif  the  K'-i-laii.  c-   to  1h'  apprrc  lablv 
reduced.     llie  i  tl^ .  t   i-  that  thi>  >top  become-  in 
reality  a  multipl.   ~top.  the  resistance  in  circuit. 
wiiiKt  till'  opi'i.ilc'i  1-  '1  iiii;  it,  iH-ini;  L;r.i(hiall\- .nul 
continuously  redu<  ed        takiiii;  .niv.int.i^c  of  tlir 
physical  projjerties  of  the  resi-tam  i-  iii.iteii.il. 

It  will  Ix'  caflHMcl  from  the  foriKoiii^  that  the 
general  design  for  tin-  n-istanres  necessarv  for 
starters  and  controller^  ( oii-i>ts  in  jimvidiiK,'  tin- 
tBaximum  resistance  rei{uired  for  the  <  ircuit  to  tH> 

^  dealt  \vith  and  then,  by  means  of  tappings,  brought 

^BVV^B^H     to  pl.ti'nl   and  anan»,'e<l  coiit.Kts. 

^^^^^^^^^^H     iiitrodiu'i'  into,  or  reinu\'e  from,  tlir  -tn  li 

piwtions  of  tlw  resistance  in  such  -ti  p-,  as  ma\  he 
foiiini  nei-c-^sarv.  The  gn'at  practical  defect  of  the 
mitliod  Is  that  the  re-istance  is  introduced  and 
-tep  bv  step,  and  not  gradually  and  ( oiitiiiiioiisly.  To  miniiiii-e 
thi>  d.i.t  thr  number  of  tappings  must  bi'  increasiN.1,  but  this,  especially 
if  fh<'  t  ipj)inu-  bt'come  very  numerous,  adds  considerably  to  the  cost  of 
th^'  .ipp.ir.itu-  .ind  n.  ,it  tli-  l"-t.onl\-  a 
palli.itive,  and  not  a  ir.il  solution  of  the 
difficulty. 

A  ^i.i'lu.il  cliaii-;i  of  resistaiiie  within 
tin-  liniit-  icquu'  .l  1-  ainu-d  at  in  the  com- 
pn  -  i'in  type  of  le-istani  i'  iii.iilf  iiy  .Me— -vs. 
Feiianti.  Ltd..  one  form  of  which  has  Uen 
de-' tilled  in  conrjertion  with  the  compres- 
sioii-t\pe  st.Hter  ui  I'u;.  ()lr  .\iiothci' 
form,  desii^iu  l  to  deal  with  iiiucii  larger 
quantities  of  energy,  is  shown  in  Fig.  t^Xq. 
'Mil'  L;!.ipliite  ill -I  S  preyiou~lv  (le-i  i  iln-d  {■^t  c 
p.ige  till.;)  ,itt  in  tiii>-  p.iitcrn.  inounli  '1  oii 
columns  or  lo.l     ironi   wliich  they  are,  ot 

course,  insulated,  and  these  rods  in  their  turn  are  rigidly  fixed  iK-twceii 
two  substantial  end  plates  a  and  B,  between  which  other  stays  and 
guides  arc  used.    A  movable  plate  c  can  slide  along  the  guide  and 


fig  Mj.-EltetTaitotFtt- 
rami  Ni>n-M<lalU>.  Ke- 
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-Fcrraiiti  Rrii^l-incf  Unit  for  a 

lO  H.'    Si. ,11.-1 


A'  I  //.'.  .        S:  AK  n 
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stays,  fnui.  which  it  i>  uiMiLt.-l  \>v  i-  .-Lun  !.u  liuu-  "  I'>" 
fornix  om-  nf  tho  .■l.M  tr.Hl.-  -f  ili.-  -v-i.  ...  lb-  "thn  .  i. .  M.-i.  itt  . 
MMul...  UN,  .!  |,l,.t..  lo.lMU  ,„  «!..!,  . 1  i,..,n.  >!..  .■n.lj.l,.t-  v-  I  i -  l'  ."'- 
C  can  U-  .nuv.Ml  ba.  U.u.!~  .....|  i..ns...i-  bv  tl,.  h..n,l  ulu-lw  -m  tl,-  ^h-.n 
of  which  there  is  a  nu  tlu-.M  «..M.n.c  m  nn!  -  ib'  ■  n.i  I'l^.  h  .n 
fonm-  the  plate  r  to  the  Kit  ti..  .1.--  «hui>  ..-m  tl.r  ...,„lu.Mn^ 
neetlou  betvv.en  the  two  rl.vtnMe.  wiil  W  nMnp-^M-.!  .Uid  th-n  PM-l- 
ance  reduced  jirailually  and  continuou>ly  witb.mi  am  -.u.l.\.  n  ii.ai..... 


rl,..,  in-  nn  appropriate  thread  tor  the  spnuUe  ot  w.  or  bv  turnm.^  the 

1:  ..     at  ",l...er/.:t  >,  1.  .I-  v..te  of  co„,pres,ion.  and  w,th  .t  the  rate 

of  ehan«e  of  reM^tan.!,  .  an  b.  van  .l.    Tl.  .-ul  ran,-  ot  the  change  ot 

n.Mstan.     obtained  ni  pra*'*'"'  ^"  '"  '■        ,  ,       ,    ,  . 

I„  reM.tanrev  <inec  there  are  no  ..,„,.„  ,  mu,1-       .!„■  -ub  ,hv,-,.  n 

of  ,l.e  re.-...n..-  -pa.k.n.  at  ,1,  nt...t.  >~  abolwh-d  ;  th.re  can  al-.  U> 

:I.  tt;;npf        trL  bnrnt-out  n,„    and  „  .  eiann.  d  that  M,-.  nrnnt. 

are  imp>ss,ble.    On  the  other  hand  the  n-nUmau.  t,,.,.       tl,-  -   

„„„  r\l  .  nvuit     r,..t  qintesc.detinite  a  matter,  own.,  to  ..,lh..„.„  b.  .u.  -n 

''"Raiing  of  Starters.'  Tbe  -..n-.^.  Hut  >-,  tb-  -( 

^vlu  I      ,Mrt,.  «lar  ^tar.er  <-  capable      d.abn.  w,th.        MU.-t.-n  n,  .  .  h. 
i  atU,U  of  the  „.oto,.  them-ehv.  all  the  eond.t.on.  o,  the  p.oblen, 

^us   U-take;,u,..a  -.t     ,,,,,,U..,lv,,.,,.tb..p,.tut  o.vu.wot  rat.n,. 

h»  starter  i^.  when  luUUln,.  t.^  l-nnuav  In,,.  ..on  .,n  ab^.,rl..  o  en-r.v. 
icl  U   onvert.  mto  wa.te  heat,  wl..,  b  n,u-t   b.  ...  -.1  o,  ... 
Tble  apiditv.   Since  the  anv^mt  ot  ene.,y  to  U-  al.o.U.l  dei....!-  on  the 
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i  timnt'5  wliicli  tin-  Martt-r  rt -i-tam <■>  rarrv.  it  i<  <  It-.tr  tli.it  tin-  B.  H.  P. 
<i(  the  iiiKtnr  to       •MTVcil  i<  nnt  liv  jtM'If  ;i  -tilfccirnt  u'litdo  ;  thi-  voltagp 

ill      nri  l  \»-         nil  .!. 

\>.  iM  Miiiiy  uiH.ii  tilc  -.anil'  ^^rntij)  ..|  ri>iiiliti(in'^.  it  i'-  mipirt.iiit  to  ^jx'cify 
whHlier  tl«'  motor  to  1h*  startt-il  on  full  loail  or  on  li-rlit  load,  f  >r  this 
will  obvion-.|\-  .illrct  !li>-  i  niM  iu-  Ui  )«■  n-rcl  .nul  liir  nmc  takrii. 

A  ^tili  liirilin  point  i-  \\;<-  li  tii.'iii  nt  timr  to  i.m.i  n  1>\'  tlir  -tarti-r  in 
<(itni)I<tin^  a  -i.iii  '     Uri,  .r^^.nn  J  lin    t.iu    m  Ix'  niado  ra|)iilly 

till'  ifMstan<'i-<  will  not  In-  t  alli'il  ujxiii  to  ,il)-orh  .1^  mm  li  t-mTKy  a~  tlicv 
wonl'l  have  to  tako  chanit'  of  if  thf  "  ~tart  "  wrtf  spread  ovi-r  a  lonvitT 

]  ! 

AnotluT  viTV  inipoilant  point  i>  the  lieijucncy  witti  wIik  h  the  siaiti  r 

will  lie  liktiv 

to  Im"  ii-cil. 
Ohvion^h-  ,1 

>I,Utr!  wlllrh 

is  only  u-<(l 
at  loni:  inter- 
val- .iinl  lia-- 
tinii-  to  1  <i(il 
down  between 
s  n  e  r  p  s  >  1  V  e 
operation-. 
ina\'  i.iici! 
Li(.;her.  otlier 
fhintis  Ixini; 
r.|iial.  fli.tn  .1 
->!arter  wIim  li 
is  (ir^ti  at 
intervals  m> 
n-e  wlii-n  It  !>-  .ii;ain  c.illeil 


-till   -^arin  fioin  pre 


1- 


011- 


ili 


••Aort  tfca*  it 
t»«in  lor  -  r\\ 

In  ^firt  it\iw  the  rating;  of  h  -trfTU-r   riicH'forc,  all  these  jx)ints  -Iiom!  ! 

lip  ref*-rript4  to.  For  in->t<iB»e.  flie  fnu'vm  of  th*-  ■'Af-tint.'liouse  Mnil!i|.i( 

■•tl»Mi    i\'>  ■      111.  a-  I'  ilow-  : 

1.1  u-<  il  -it  tiio . Srf-iiunu;'   inti  i  vaK  foi  .i  (K  iiod 
H.  P..  i\  inniHt* -  from  250  t<i  5<«i  «.  11.  p.. 
to  i,(M,.     ■•  H  I'     ,in'l  (11.)  a^  r<-.i;.iri!-  ItM.l 
!■    hr-t    -rr-j-  lip  !.)    100    li.  11.  P.,  ion 

,'.|<.;t(!    i-.r<nie  oil   tu  t   -\v\>  :ipd  tufl- 
t.o  ;<Ki  H.  H.  p.  loo  \olt^  and  130  to  ytet 


'  Um.»  -.it    t  ^■•••r 


(1.)    .A-    ir      ..I  . 

ifi  I  mmste 

.i::>!    J  ifsnut-     ••  ' 
a;   Mi-t  iuii-k>#t  ii.itju, 

o!    I -ii .    K.  H.  f      y«J   1'  \  oi- 


B.  li.  f-.  jt»^  {t»  -tw.  ;  l«ir  la»i^r  motors  («>  {)»-r  cent,  fnlldoad  tw^jiie 

on  t«-*  sB»p       tiM  luud  umrpm  >m  -ei  ♦»ad  -tep.    Th»'  >tu(ip«t  '4iould  csffe- 


fullv  ihiiik  ■'lit  what  i>  imi 


will 


tihi.l  til. it  til' 


Buy  lAT.iir.v? 

>hf<l  111  thf  VMiioU'  jKirt-  of  tin-  -jm  i  iii.  .iti.ni. 
iiiaxinmm  ivi—  ttiniHrattiti-  ..I  tli.'  ila>>^t.»t 


It 


111'!.  I"  tt.T 
ailtl'ili'  I'K-ik 
ami  .ir»' 
uiiitiii-  whi'  h  li.ivt* 


re>«-.taim  ~     iu<t  >t.ittil. 

Dwakdowns.-  l  ln-  mm  tn.i»  an.l .  hapt.T  i  aiitiot     i  ha|' 
th  iti   witli  iMuMiMlii  :i^  ..1  wImI    ni.iv  hqux-n  wh.  ii  yi 
tluwii  ami   an   i-lniii.    ni'.ini    luii-  awav.    In  liu.  <" 
^i|lOWn.  n-prixhlinl  tn'in  plmt,  .-i  a|ili -.   auiiatnif-  «'t 
run  awav  through  ilir  laihiif  "l  "iir  "i  m";<'  «'l  tli.-  i>i..t. .  tiw  .i.  vic- 
cun>i.lm-d  iti  thi>  Motion.     U  th—  tail  to  avt.  tlvn  on.-  lu^  <■•  " 
ni.  nilH  i  lliat  tli.-  amount  of  .•,uT«y  connected  up  to  the  circuit>  ol  ti..- 
niDtoi  ami  availabk'  to 
do  ini>«-hi<{  i-   for  the 

si/i-  nf    thi-  i"oli>i  wry 

(iirat    imlriil.    .iii'i  tiiat 

tho  motor  II      ''<■  dii'.i  ii 

up  ti)  .1  -(H  v.i  many  tin.es 

more  than  that  for  which 

It    1-   il(  ■■li;nr.l.   a  -|)ecd 

at  wlmii  tin-  :ni'iliaii!cal 

ainiliame-    tor  roimli-r- 

.     .  ^.  ^    t  I  ..  ,  M,.(  l  -  of  1  I  M- 

tiilil.:;.il  ti'ir.'  iiM\  lllt.  l  iv 
l)U-ak4own.    I  hi-i-wli 
ua-    luiptH-n.a   in  lv)ili 
1h.'  r  1-'  -  illn-tratfd.  In 
I  ,^    I,.,.,  t!  I      j  I  r.l  lia- 
litrii  >o  ;;\.Ml    that  the 
biiidinj;  win-s  on  tlu'  end 
coriu'itoi-    l.avf    btli  t, 
.1  ,1  tlK-..'  .outi.no,-   haw    {a!in.-.l  ont 
of  the  pfat  UR-'liair,'  il  1' " ' 
th<-  aiinattiri'  roit"  at  ili'' 


■  -i.niii' 


a- 


,  .!  ir.t..  I'l.tv  tiui!  lauuu.ii.  t-  .  t!.  o! 
„.1.\  .,,.1  h.Av  l..-.  n  ...k..'  ■o.i-i.l.iMl'K  '">' 


1-,- 


-II 


A  -  .1' 

-I  'h>.-. 
,\  will- 


!  1  ,■  11  ''uimii 
t  !h.  .  .iiniiiut.i'''i  <  ii'l- 
rak.-d  out   o.  tii.'l 


i-ii-  .i!ii;iinioiit  with  th.ii 
,1  th'  i-iiil  conii.-i  loi-  '' 
ta;tiv  w.U  ios^.'tlwr.  th..'1-  i.    .  ,,,„ 

:"^;:";'T:r::;i;;";:':'t::;^^  >  • 

■ ■        \.,i      .ak.n    t...-lhi,      .n.   ■  aul.ll  .Aain, 
,i,,ti.,t  -au-  m  th.-  .i.-.^n.  .o,i-t!n.Mon 
-.li.-f  uv.i.- 

.,  , „.  th-  ..1—  -  ' 

,bl.-  tha'  'Hi  -lioill.t 


I— f«\  loi  ti. 


1  ! 


1„  i, ;    ,<T  iaiiilti. 


ll  i>  ainv'-l  11 


.H'  I  lk  atil' 


,1  th. 
aii'l  m-taUa 

■;J,  1 

tu 


f.'^f)  F !  I  i  TRiriTV  /.V  Till  Si  Ki  icr  or  A/an 

Imt  H  it  liiil.  till-  ii>f  of  teni{)craturc  oJ  the  copper  circuits  would  be  very 
ra|>itl  in<li  «  <l.  ami  in  a  short  time  ami  for  as  ]ong  as  the  copper  liek] 
to^i'tli.  r  iIk'  motor  iiiiuht  )»  ' uint-  an  exam{^  of  a  highly  inefficient 
vlftHK  turiiaLu  lor  lu.^iiiy  lojjpvr. 


End  of  Section  I.,  Volume  II. 
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